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PREFACE

The contents of this report were the results of a staff study, "Truck
Classification and Weight Analysis," undertaken by the Office of Research
to determine and evaluate truck characteristics -- usage and trends for
various truck types and highway systems.

The basic data were supplied by FHWA's Office of Planning as reported in
the 1971 annual traffic classification count and we1gh1nq of trucks at
roadside stations. The statistical analysis was performed by Mrs. Phebe
D. Howell and Mr. Perry M. Kent. Through his fami]iarity with the study
and his expertise in the subject area, Mr. Robley Winfrey provided an
objective evaluation of this analysis, described the assembly of informa-
tion included in the report, detailed the uses which the information will
serve, and recommendations for improving truck weighing procedures and
application of the truck volume and weight data.
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- INTRODUCTION

, Officials in charge of public highway systemé‘are responsible
to design, maintain, and operate their highway systems such ‘that
highway transportation is safe, economical (consistent with the

~ degree of quality of transportation desired), direct, and convenient.

In striving to reach these objectives, the authorities concerned
must be fully informed about the characteristics of the vehicles
that use their highways. These characteristics include such items
as performance on the highway (frequency of trips and speed and
rate of change in speed), maximm and minimum capabilities, dimensions
(length, width, and height), weights (axle and gross), and the
trends in these characteristics. Rates of fuel consumption, empty
weight, and total gross weight capacity are factors important to
setting tax rates and license fees. These characteristics of
vehicles are obtained by observing traffic, weighing vehicles at
 roadside stations, reviewing manufacturer's specifications, and
conducting laboratory and field tests. :

Highway authorities, as such, usually have no control over the
characteristics of vehicles that use public highways. But such
control is accomplished by legislation by the appropriate authorities.
Highway authorities may or may not be assigned the responsibility to
enforce the legal provisions affecting the use of highways and the
characteristics of the vehicles that use public highways. This
enforcement is most frequently assigned to police departments at the
‘several levels of government or to a motor vehicle department.

The legal restrictions;affecting the use of vehicles on public
highways are generally in the areas of vehicle weight, vehicle
dimensions, vehicle speed, and vehicle design and equipment related
to traffic safety and performance on the highway. Noise generation
and air pollution are also covered in legal provisions.

~ Starting in 1935, the State highway departments began a yearly
systematic procedure of weighing commercial vehicles at roadside
stations, movable or permanent, as a part of the then inaugurated
State-wide highway planning surveys. In addition to axle weights
and gross weights, these operations include traffic and vehicle
classification counting and, in certain years or circumstances, the
measuring of specified dimensions of the vehicles, particularly the
length and spacing between axles. The commodity carried and origin
and destination of trip may be obtained at the time of certain weigh-
ings. Another item sometimes obtained is whether the vehicle was
operating under provisions of law for common carrier, contract.
carrier, agricultural exempt carrier, or as a private carrier.

1



Thus, in a single year, the individual State, and collectively
the natlon, has available a collection of information on trucking
practice and truck use of the highway systems. This information is
used by State and federal authorities in different ways and to
different extents, from but 11tt1e use to near maximum application.

- A hoped-for result of this publication is a wider and more
intense use of the truck data. Further, there should result improve-
ments in the technique of weighing, in the quality of information re-
corded, and in presentation of the 1nformat10p

A highway department cannot control the number type and
performance of vehicles using a highway system, but the vehicle it-
self and its use on the highway are controlle to some extent by law
with reference to dimensions, axle weight and gross weight, and
safety items with respect to tires, brakes, méchanlcal condition,
lighting, and hauling of dangerous chemlcals and explosives. However,
the highway department must de51gn highways that are suitable for use
by those vehicles that are legal in design and performance character-
istics and that are used legally. For this basic reason, highway
departments need to have full knowledge about the vehicles using the
highway systems. Full information includes the many specific facts
gathered in the annual truck weighings at the roadside.

Highways, including pavements and structures, are long-lasting in
use. Therefore, long-range forecasting of the trends in vehicle
characteristics and their use of the highways is an important device
used by highway managements. The annual weighing of vehicles at the
roadside is one of the several activities of highway departments to
amass information needed by managements that has to do with traffic
forecasting and their responsibilities to provlde the public with
efficient, economical, and safe highway systems.

OBJECTIVES OF THIS REPORT

From about 1935 when the roadside weighing of motor vehicles was
started as a phase of the State-wide highway planning studies, there
has not been published one single overall source of general data on
motor vehicle weights (gross and axle), and the frequency that each
class of vehicle is found in the traffic streams on different highway
systems. Among others, one of the objectives of this publication is
to make a wide range of data on vehicle weight and traffic classifi-
cation available for general reference.

Other objectives of this report include the following:

1. To evaluate the results obtained by the several States as to
their adequacy, coverage, and suitability for different uses;

2




2. To suggest changes in the overall weighing and counting
process that should improve the quality of the results.
- However, the actual operation proceduré used at the
roadside and the choice of instruments and equipment are
not discussed;

3. To indicate several appllcatlons of the truck weight data |
and the accompanying trafflc classification counts; and

4. To provide a limited analysis of the results and of the
time trends, mainly to illustrate how the field results
~may be used to support adequacy of the roadside weighings,
englneerlng, legislative, administrative, motor vehicle
taxation, and other management functions.

OBJECTIVES OF THE COUNTING AND
WEIGHING OPERATION

- The roadside classification and weighing of the traffic should |
achieve the following objectives in accordance with the criteria for
control of quality of results:

1. Vehicle weights by highway system;
2. Vehicle weights by type of vehicle;

3. Percentage of vehicles over maximum legal welght and
' amount of overwelght in pounds

4. Percentage of vehicles in each class that are "'empty"
of payload;

5. Tons of commodity hauled; and

6. Vehicle traffic counts by type of vehlcle at all weighing
stations.

In this tabulation of objectives at the roadside stations, the
word ''weight'' refers to both gross vehicle weight, empty and with
~payload, and to individual axle weight. Average weights and the
percentage distribution of the individual vehicle welghts are
included in the objectives.

 An important requirement of the truck weighing and traffic
classification is that the results should be of such extent and
statistical quality that fully acceptable comparisons of the
following types can be made (A) of vehicle weights by vehicle type
and (B) classification of vehicle types in the traffic flow:

X :



1. Comparisons within each State by highway systems;

2. Comparisons between States by vehicle type and highway
systems; and

3. Trends of all main factors over the years.

If each State produces the quallty of results that provide for
adequate comparisons within a State, the data will be acceptable for
comparing census divisions or other regional areas and for compiling
national statistics on vehicle weights and traffic composition by
highway systems.

HIGHWAY PLANNING SURVEY--WEIGHINC OF VEHICLES

The weights of vehicles on the highway--gross weight and axle,
or wheel weight--have been of concern to highway engineers and
structural engineers, perhaps since the beginning of the wheeled
vehicle. Certainly, since the coming of the motor vehicle, say about
1900, dimensions and weights of vehicles on the roads, streets, and
hlghways have been an ever present subject connected'w1th.h1ghway and
bridge design. The American highway officials were concerned with the
maximum legal limits of vehicle dimensions and weights as early as
1920(37).

The systematic study and data collection of motor vehicle
dimensions and weights began in 1935 with the State-Wide Highway
Planning Surveys conducted by the States in cooperation with the
Federal Highway Administration (formerly the U.S. Bureau of Public
Roads). The weighing of vehicles at the roadside, particularly
trucks and truck combinations, and the measuring of certain dimensions
of the vehicles, started in 1935, have continued as an annual summer
season activity each year since.

‘The general overall weighings are carried out by each State under
provisions for using Federal-aid highway funds for planning and
research activities. For the annual roadside weighing of vehicles,
the Federal Highway Administration issues a manual (59) for the
routine weighing and for any special information that is to be
collected at the same time.

In order that the welght and other information collected by each
State during the scheduled truck weighing can be summarized on a
national basis, as well as compared State to State and region to re-
gion, the Federal Highway Administration has prepared Instructional
Memorandums over the years to be followed by each State. Special
studies are prescribed for certain years. These special studies in-
clude such items as origin and destination, distance of trip, horse-
power rating of the engine, etc.
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Prior to 1970, each State summarized its field data in accordance
with instructions in the Federal Manual (59), and prepared a standard
set of tables, available to all desiring copies. But in 1970, the
procedure was changed to require that the States submit to the
Federal Highway Administration at Washington, D.C., computer cards or
tapes. The FHWA then prepares the State summaries and national
summaries. - :

There is no attempt in this report to explain the details of
weighing vehlcles at the roadside or how the general plan is iald
out. ‘

In brief, the State highway departments follow a specific
schedule eachtsummer of weighing and enumerating vehicles in the
traffic stream. Weighing is usually conducted on the rural and urban
portion of the Interstate, other FA primary and FA secondary systems,
though not to the same extent on all systems. Essentially, every
State weighs each year, but not every State has stations on every .
system. Weighing is done in two general ways. Permanently installed
full-size weighing equipment constructed on turnouts from the. ‘main
roadway are often used on main highways. These installations have
scales that will weigh one axle at a time or weigh the full vehicle
with all wheels on the scale platform. In addition to the permenent
weighing stations and scales, the States use portable. scales.* These
scales are used to weigh one wheel at a time. By using two scales ‘
simultaneously, both wheels (ends) of an axle can be weighed at the
same time. When an axle carries dual tires at each end, both wheels
on an end are weighed together as one wheel. With attention to the
usual requirements of safety, access, and levelness, these portable
scales may be used at most any location. In actual installations,
they are set down into the wheel tracks so that the scale platform is
level with the roadway surface, or ramps are used to elevate the

wheels to the height of the scale platform.

The permanent scale-weighing installations are also used for
weight-enforcement weighing at times not used for the planning-survey
weighing. Durlng the planning survey weighings the legal limits are
not enforced in most States, because of the objectives of getting
Tepresentative we1ghts of the full traffic stream under normal flow.
Enforcement weighing is seldom performed at a station on a 24-hour
basis because, when continued more than 2 to 3 hours at a station, the
trucks exceeding legal limits tend to reroute to avoid being welghed

* The name LOADOMETER is often used to refer to portable scales for
use on wayside weighings of Vehlcles but such name is a trade -
name, not a common name.




A third scheme for weighing motor vehicles on the roadway is
"weighing in motion." This scheme uses electronic devices and special
weight detecting instruments that weigh the truck axles as they pass
over the detector. Weighing vehicles in motion (29, 30) has many
advantages over stopping the vehicles for weighing, but the desired
level of accuracy has not been fully reached. However, the process
is still in the testing and development stage. The equipment can be
installed in the pavement surface on any highway in the normal traffic
lanes, and for short time periods a surface detector may be used.
Obviously, weighing in motion does not give opportunity to collect
dimension, origin, destination, type of cargo, and so forth.

The distribution and average weight of vehicles and axles in the
Appendix tables and as discussed in this report on truck weights are
based upon the number of vehicles weighed, regardless of the number
of hours or days that the weighing took place. Further, some weighings
may include only part of the number of vehicles passing the weighing
station in a given hour for reason that there were so many vehicles in
the traffic that 100 percent weighing was not practical. The number
of vehicles weighed by type and by hour varies from a low percentage
to 100 percent of the total. But because the visual counting and
classification of the whole traffic stream is conducted on an hourly
basis for a 24-hour day, the number of vehicles weighed and their
weights can be expanded to a full day. The actual number of vehicles
counted and classified are illustrated in the Appendix tables for
different classes of vehicles and highway systems.

Throughout this report, and in other publications of the truck
weight data, standard notation schemes are used. Of particular
application in this report is the use of names to refer to specific
highway systems and vehicle code numbers to refer to types of
vehicles. The listing and description of the highway system as taken
from the Manual (59) follow: '

Code No. System Name
01 Interstate, rural, final location
02 Interstate, urban final location
03 Other FA primary, rural
04 Other FA primary, urban
05 FA secondary rural, State jurisdiction
06 FA secondary urban, State jurisdiction
07 FA secondary rural, local jurisdiction
08 FA secondary urban, local jurisdiction

6




Code No.

09
10
11
12

21
22
29

31
32
41
42
69

70

System Name

Other State highways, rural (Non-FA)

Other State highways, urban (Non-FA)

Local rural roads
Local city streets

Toll road on Interstate, rural
Toll road on Interstate, urban:
Other State hlghways rural, toll (NOn—FA)

Interstate, rural, present location
Interstate, urban, present location
Interstate, rural, former traveled-way
Interstate, urban, former traveled-way

State highways, rural (Non—FA) parkway prohlbltlng
“trucks

State highways, urban (Non-FA), parkway prohibiting
trucks

With the expection of people-carrying vehicles designated as

- passenger cars and buses, the goods-carrying vehicles are designated
~ in accordance with their axle configuration and number of vehicle
units making up a combination vehicle. These designations are listed
in Table 1 and explained in Tables 2 and 3. The codes for States and
census divisions are given in Table 4. ‘



] Table 1: Code numbers and identification of vehicles welghed
] in 1971

Code No.  Symbol Number of Axles and Vehicle Units

061000 Small automobiles, in-State

062000 Small automobiles, out-of-State

071000 ~ Standard and compact automobiles, in-State

072000 Standard and compact automobiles, out-of-State

030000 -- Motorcycles and motorscooters

150000 -- Commercial buses

180000 == Non-revenue buses

200000 2P Two-axle, four-tire, panel and pickup trucks

210000 28 Other two—axle, four-tire trucks

220000 2D Two-axle, six-tire truck

230000 3A Three-axle truck (usually 10-tire)

240000 4A Four-axle truck |

250000 5A Five-axle truck

320000 250 Two-axle tractor, no trailer

321000 251 Two-axle tractor, one-axle semitrailer

322000 282 Two-axle tractor, two-axle semitrailer

323000 283 Two-axle tractor, three-axle semitrailer

324000 254 Two-axle tractor, four-axle semitrailer

327000 252(S)  Two-axle tractor, two-axle semitrailer with
one spread tandem

328000 253(S) Two-axle tractor, three-axle semitrailer with
one spread tandem

330000 350 Three-axle tractor, no|trailer

331000 381 Three-axle tractor, one-axle semitrailer

332000 382 Three-axle tractor, two-axle semitrailer

333000 383 Three-axle tractor, three-axle semitrailer

334000 354 Three-axle tractor, four-axle semitrailer

335000 3S5 Three-axle tractor, five-axle semitrailer

336000 356 Three-axle tractor, six-axle semitrailer

337000 352(S) Three-axle tractor, two-axle semitrailer with
one spread tandem ‘ :

338000 353(S) Three-axle tractor, three-axle semitrailer with
one spread tandem 1

339000 384(S) Three-axle tractor, four-axle semitrailer with
one spread tandem

342000 4S2 Four-axle tractor, two‘axle semltraller

3




445000

- Table 1: Code mumbers and identification of vehicles weighed
in 1971 (continued) : :

Code No. Symbol Number of Axles and Vehicle Units
343000 483 ~ Four-axle tractor, three-axle semitrailer
344000 454 Four-axle tractor, four-axle semitrailer
353000 583 Five-axle tractor, three-axle semitrailer

354000 554 Five-axle tractor, four-axle semitrailer

421000 2-1 - Two-axle truck, one-axle trailer

422000 2-2  Two-axle truck, two-axle trailer

423000  2-3 Two-axle truck, three-axle trailer

424000 2-4 Two-axle truck, four-axle trailer

427000 2-2(S) - Two-axle truck, two-axle trailer with one
~ spread tandem ‘

431000 3-1 Three-axle truck, one-axle trailer
- 432000 3-2 Three-axle truck, two-axle trailer
433000 3-3 Three-axle truck, three-axle trailer
434000 3-4 Three-axle truck, four-axle trailer
437000 3-2(S)  Three-axle truck, two-axle trailer with
one spread tandem o :

442000 4-2 Four-axle truck, two-axle trailer
443000 4-3 Four-axle truck, three-axle trailer
444000 = 4-4 Four-axle truck, four-axle trailer

A-5 Four-axle truck, five-axle trailer
447000 4-2(8)  Four-axle truck, two-axle trailer with
‘ ‘ one spread tandem '

452000 ~ 5-2 Five-axle truck, two-axle trailer

521100  251-1 Two-axle tractor, one-axle semitrailer,
one-axle trailer ,
521200  281-2 Two-axle tractor, one-axle semitrailer,
- ~ two-axle trailer
521300  2S1-3 Two-axle tractor, one-axle semitrailer,
, : ’ three-axle trailer
522100 - 282-1 Two-axle tractor, two-axle semitrailer,
’ one-axle trailer
522200 252-2 Two-axle tractor, two-axle semitrailer,
' : < ‘ ‘two-axle trailer
522300 252-3 Two-axle tractor, two-axle semitrailer,
o ‘ three-axle trailer
522400 252-4 Two-axle tractor, two-axle semitrailer,
four-axle trailer
5232@0 253-2 Two-axle tractor, three-axle semitrailer,

two-axle trailer
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Table 1: Code numbers and identification of vehicles weighed
in 1971 (continued)

Code No.  Symbol  Number of Axles and Vehicle Units

523400 283-4 Two-axle tractor, three-axle semitrailer,
four-axle trailer
531100 351-1 Three-axle tractor, one-axle semitrailer,
one-axle trailer
531200 351-2 Three-axle tractor, one-axle semitrailer,
two-axle trailer
532100 3582-1 Three-axle tractor, twc-axle semitrailer,
one-axle trailer
532200 352-2 Three-axle tractor, two-axle semitrailer,
two-axle trailer
532300 352-3 Three-axle tractor, two-axle semitrailer,
three-axle trailer
532400 352-4 Three-axle tractor, two-axle semitrailer,
four-axle trailer
532800 352-3(S) Three-axle tractor, two-axle semitrailer,
three-axle trailer with one spread tandem
533200 383-2 Three-axle tractor, three-axle semitrailer,
' two-axle trailer
533300 353-3 Three-axle tractor, three-axle semitrailer,
‘ three-axle trailer
533400 353-4 Three-axle tractor, three-axle semitrailer,
four-axle trailer
533500 3S83-5 Three-axle tractor, three-axle semitrailer,
five-axle trailer
534200 354-2 Three-axle tractor, four-axle semitrailer,
two-axle trailer
534300 354-3 Three-axle tractor, four-axle semitrailer,
three-axle trailer
534400 354-4 Three-axle tractor, four-axle semitrailer,
four-axle trailer | :
622200 2-2-2 Two-axle truck, two-axle trailer, two-axle
trailer
622300 2-2-3 Two-axle truck, two-axle trailer, three-axle
trailer
631200 3-1-2 Three-axle truck, one-axle trailer, two-axle

trailer

10




Table 1: Code numbers and identification of vehicles weighed
in 1971 (continued) ‘ ‘

Code No. Symbo1 ‘Number of Axles and Vehicle Units

632200  3-2-2 Three-axle truck, two-axle trailer, two-axle
' trailer
721220  2S1-2-2 Two-axle tractor, one-axle semitrailer,
' two-axle trailer, two-axle trailer
731220  3S1-2-2 Three-axle tractor, one-axle semitrailer,
: : two-axle trailer, two-axle trailer
831110 3-1-1-1  Three-axle truck, one-axle trailer, one-axle

trailer, one-axle trailer

11



* abod Buimoyjoy syj uo € 9]qp| O} su9a. 3O0|q Ul SO 340N

‘4G m‘u:m(_mu,mm_ !~6€ 9Bnyg ‘ jonuoW YMHL :924nog

Js1jipow JB|ipay Py 13|10y pUODBS pm__cgh a1 Hun samod g = ad{}
|r1oads Uo $8|Xp |bjof UO $3|XD |DjO} Uuo $3|XP |D}O} uo sa[xo [pjoy | o1yeA D1sD SIS|1D4} [N} £ + dond)
(H) () ) 9 .
Jo1ipow 491104 pIiy) 191Dy pucoas Jo|101) Js1y fiun Jomod / = adky SIDHDY [N} Z +
|pToads Uo S9|xp 0404 Uo'sa|Xp’ |D40} Uo S3|XD |ojoy uo sapxd [pjo) | ojaIyRA 18Dq 19|1D141WSS ~ 10J301]
(H) (9) (9) (9) . o
._m_wum.omms mw__ot puooas ..m:ot_otﬁ - #lun semod 9 = adA} - eyl Ny 4+
jp1o® 0 = 8po° $9]x0 [pjo} U0 S9IXD 1040} | uo soxo |oyoy | spd1yea dispq 121104 |1n} + PNuY
(H) (©) (©) T |
..0:%%& : 19{ibi) puodss 191044 §sa1y yun Jsmod ¢ = adAy 13]1044 |0y +
[o1o9ds 0 = 9pod 1O SSXD |pioy Uo S9IXP ooy Uo S3[XD |DJO} | SDIYBA DIsDY JSjI0I WSS + JOJoDI|
) ©) () : _ _ ‘
Ja1j1pou , Jo|1D1y 4sa1y jrun samod ¥ = odAy ,
joidads 0 = 2pod 0 =29po uo s3|xp |joy uo sajxo [pio} | spo1yEA o1sDq 8|10} {10} + Sonu] .
. H H . [
®) (9) 2
mew_mms ; Jajioay s} yun semod ¢ = ad/y . .
mc_m.w s 0= mmou 0 = opoa:- uo mwmv% |oi04 uo sejxo |pjo) | ao1yeA 2150q 12[iP41Wes + 10§00 ]
: Joljpow Joijipow _ .
uoyypsiBal Jo o4pig Emmﬁﬂxm: co:._w.._wm_mm._ adAy ajoryea e= ad4y 3Ny Hiun-ajBuig
| 9j31ysA 215D « ,
@ () ) 121ysA oisnq
: Jaljtpow «»m‘mmumuOE s e ) .
- uonpustBal yo a4o1g i1} g 9)xp uoypusiBay g Mw g m_urmmmwﬁ sosng
‘ e & - | b ARG
- Bosii : ‘,*m‘.u_mmo:m ; umwmmwo% | ed4j apiyea 0 = 2d4y v &
uoypuysiBal jo aipig 12104y 1yB1y uoyoysibas | : o S1TUBA St $8|21yaA s8Buasspy
| | | , @) @0 o) . 1214y2A o1s00] - f
191904047 Yyi9 | Ies0piDY~) Yic JspomyD Yy |- ,._m«uu._axmv pig .mm.*umhoxu puz 194901047 §51 adA ] 10 sspj7) 9121yd A

4040 Buipod adA3 Bpd1yeA 17 Biq0)




Table A

0 State registration not recorded

1 In=State, all

2 Out-of-State, all

3 In-State, nongovernment owned

4 In-State, government owned ‘
5 Qut=-of=State, nongovernment owned

6 Out-of-State, government owned ,
7 Federal government owned-

Table E

0 Ax[e arrangement not recorded

1 Two=-axle, four-tire ~
2 Two-axle, six-tire

3 Three-oxle

4 Four-axles or more

Tabrl‘e H -
0 No special modification

1 One spread tandem on- pa\}ement in addition to any

indicated by 7, 8, 9 in C3, C4, C5.

2 Two spread tandems on pqvemen’r in c:dd:hoh to any

indicated by 7, 8, 9 in C3, C4, C5.

3 Three spread tandems on pavement in addition to any

indicated by 7, 8, 9 in C3, C4, C5.

4 One trailer piggyback and no spread tandems except
those indicated by 7, 8, 9 in C3, C4, C5.

Table 3: Subcodes to i‘uble 2

TobleB falee

Table D

0 No trailer 1 Motorcycle T Bus, intercity, commercial
1 Camp trailer 2 Motorscooter 2 Bus, transit, commercial
2 Mobile home 3 Motorcycle or 3 Bus, sightseeing, commercial
3 Cargo trailer motorscooter 4 Bus, commercial, other
4 Boat trailer 4 Standard auto 5 Bus, commercial, any type
5 Towed equipment 5 Compact auto - 6 Bus, school and nonreVenue
6 Towed auto 6 Small auto 7 Bus, camper :
7 Towed truck - 7 Standard and 8 Bus, all nonrevenue ’rypes
8 "Slantback" compact auto “
9 Any or all types 8 Compact and
trailed vehicles ~small auto
Table F : : ; Table G
0 Panel and pickup T Single-axle ’rrwler
1 Heavy two-axle, four-tire 2 Two-axle trailer
2 Two=-axle, six-tire 3 Three=axle trailer
3 Three=-axle 4 Four-axle trailer .
4 Four-axle ‘ 5 Five-axle frailer
5 Five-axle 6 Six-axle frailer
. 6 Six-axle 7 Two=axle trailer with one spread ’randem
7 Seven-axle , 8 Three-axle trailer with one spread tandem
8 Eight-axles or more : : 9 Four-axle trailer with one spread tandem

5 One ftrailer piggyback and one spread tandem on pavement

" in addition to any indicated by 7, 8, 9 in C3, C4, C5.

6 One frailer piggyback and two sets of spread fandems on pave-

" ment in addition to any indicated by 7, 8, 9 in C3, C4, C5."

7 Two trailers piggyback and no spread tandems except those

indicated by 7, 8, 2 in C3, C4, C5.

8 Two trailers piggyback and one spread tandem on pavemeni‘

~ in addition to any indicated by 7, 8, 9 in C3, C4, C5.
9 Two trailers piggyback and two sets of spread tandems on pave-

ment in addition to any indicated by 7, 8, 9 in C3, C4, C5.



Table 4: Codes for census divisions and States

Code New England (01)

01
02
03
04
05
06

- 07
08
09

11

12
13
14
15

16

17
18
19

21
22

23
24
25

26
27
28
29

Connecticut
Maine
Massachusetts -
New Hampshire
Rhode Island
Vermont

Middle Atlantic (02)

New Jersey !
New York
Pennsylvania

South Aﬂcnfic"; (North) (03)

~ Delaware
District of Columbia
Maryland
Virginia
West Virginia

South Atlantic (South) (04

Florida
Georgia
North Carolina
South C?rolina

East North Central (05)

Illinois
Indiana
Michigan
Ohio !

Wisconsin

East South Central (06)

"(Eost of Mississippi River)

Aldbama

Kehtucky

Mississippi
" Tennessee

14

Code West North Central (07)

31
32
33

34

35
36
37

41

42
43
44

51
52
53
54
55
56
57
58

61
62
63

64
65
66

(West of Mississippi River)
lowa

Kansas

Minnesota

Missouri

Nebraska

North Dakota

South Dakota

West South Central (08)

Arkansas
Louisiana
Oklahoma

Texas

Mountain (09)

Arizona
Colorado
ldaho
Montana
Nevada
New Mexico
Utah
Wyoming

Pacific (10)

California
Oregon
Washington

(1)

Alaska 7
Hawaii
Puerto Rico




'STATE LEGAL LIMITS OF VEHICLE WEIGHT

Each of the 50 States through leglslatlon and regulation controls
~the maximum welghts, dimensions, and combinations of vehicles that may
be legally used on its public highways. Perhaps no two State have
identical laws and regulations.  Differences between States in the
axle and gross weights as found in the annual truck4we1gh1ng operation
may result from the basic differences in legal maximum weight limits.
“But often, because of differences in sample quality, it is difficult

- to identify whether the weight differences as found in the truck-
_welghlng operations result from different legal 11m1ts or differences
in trucklng practlces, State to State.

Table 5 sets forth the basic axle legal maximm weights, and the
‘basic gross welght 1ega1 maximum. A study of this table discloses
the variations in legal limits State to State. As indicated in the
- headnote to the table, there are many other differences too detailed
to include herein. Attention is directed to the fact that some of the
51ega1 maximums in Table 5 are not legal on the Interstate system. For
instance, in Nebraska the limit of 20,000-pound single axle and the
- limit of 34,000-pound tandem axle are not appllcable to the Interstate
system, ‘

In any comparlson State to State or on highway systems of the
axle and gross weights found in the truck weight studies as given in
this report, such comparison should be referenced to the applicable
~ limits. For this purpose, the original tabulation by the American

Association of State nghway Officials should be used, rather than
this abbrev1ated Table 5 t

THE TOTAL PROCESS OF COUNTING AND WEIGHING TRAFFIC VEHICLES

The annual truck weighings conducted by the States may be viewed
as a field operation. - But, first, the overall operation and guide--
lines are prepared by the Federal nghway Administration in Washlng-
‘ton, D.C. The resulting manual (59) represents many years of ~experi-
ence and many suggestions from the States. :

For the field Operatlons in each State, the roadside locations
for the traffic counting and weighing of vehicles must be selected.
- Normally, however, the roadside stations remain the same year to year,
with such changes as are desirable because of 1mprovements 1n the
hlghway systems and their character of trafflc

At;each roadside station the traffic is counted for full 24-hour
days, and, at the same time, the vehicles are manually identified by
classes and types, including automobiles, motorcycles, buses and
trucks.
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 The field operations are scheduled by the States as to months,
days, and hours. The quality of final data is dependent upon the
number of and location of the roadside stations utilized, the extent
of the counting and classifying of the traffic, and the size and
quality of the weighing sample, all as affected by the station loca-
tion, the days of operation, and the hours of the day of weighing.

GEQGRAPHICAL‘LOCATIONS OF WEIGHING STATIONS

Because of the work time and total cost of weighing trucks at the
roadside by the highway department and the cost to the trucking in-
dustry in stopping vehicles to be weighed, it is desirable to hold the
number of weighings to the minimum that will give an acceptable sample.
The work "'sample" can be interpreted in several ways. What is wanted
in the end is a sample of the traffic composition and vehicle weights
(and other information that may be collected), considering the par-
ticular weighing station. But there is also the necessity of selec-
~ ting a sufficient number of stations that will produce, when combined,
an acceptable sample of the trucking characteristics on the whole of
the system of highways under study, such as Interstate urban, Other FA
primary rural, or FA secondary rural. Or perhaps the objective may
be to get data on trucking on all highway systems within a given geo-
graphical area. ‘

Consider first the selection of geographical locations for
weighing stations (both temporary and permanent) on a given highway
system. The criteria to consider include the following#*:

1. Average daily traffic volume;

2. Percentage of trucks;

3. Percentage of trucks of each type (by axle and wheel
arrangement) ;

4. Variations in the percentage of trucks carrying different
types of commodities;

*For requirements of a station as related to the weighing operations
- see: U.S. Department of Transportation, Federal Highway Administra-

~ tion "Guide for Truck Weight Studies.'" Highway Planning Program
Manual, Transmittal 107, Appendix 51, April 1971. Page 6 of
reference 59. , :
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9.

Whether there is a seasonable variation in the number of
trucks in the ADT and whether within the season there is a
variation in the type of commodities carried;

Relative amount of interstate trips and intrastate trips;

Lane use characteristics, adjacent to the station site and
at origin and destination of the truck traffic;

Ease-difficulty of trucks bypassing the statioh to avoid
being weighed; and

Nearby alternative roUtes, including toll facilities.

In selecting roadside stations, their location and number should
be related to their accessibility from headquarters and from each
other and by the budget. But consideration must be weighted heavily
on getting acceptable samples. Inadequate samples resulting from
inadequate financial support of the operat1on is not good economy .
The Manual (59, page 3) reads: ‘ :

"The success and value of all uses of the truck weight

data depend on the reliability and accuracy of the data
collected in the field. The field procedures must be
directed toward reliability of data, while at the same

time giving full consideration to eff1c1ency of operation
and the safety of the traveling public and the field staff.
There must be a continuing effort to develop citizen under-
standing and appreciation for the State and Federal
governments' efforts to provide more efficient and convenient
transportation. Each of these consmderatlons must be weighed
in selectlng each station location, scheduling the work and
assigning persomnel to each task, sampling from the traffic
stream, interviewing, and obtalnlng weights and dimensions."

The following nine paragraphs present some of the con51derations
associated with the prior listed nine items affectlng choice of
location of weighing stations:

1.

The total traffic volume at a weighihg station is important
because, in addition to weighing trucks, the total traffic
is counted and classified by vehicle type It is important

that the stations on each given highway system when combined

give an acceptable average of the traffic counts on the
system as a whole for total vehicles and each type of truck,
as well as for truck weights and dimensions. Low ADT and
high ADT stations can be selected, however, as long as the
total data are representative of the highway system for all
stations. See page 8 of the Manual (59) for suggestions

on the number of weighing stations to operate.
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It is presumed that traffic counts and vehicle-type classi-
fications are made on each of the highway systems at times
and places other than for the truck weight operation. Such
data furnish guides as to the range of the percentage of
traffic that is trucks, useful in selecting locations for
roadside weighing of trucks.

The percentage of trucks that falls into each truck type
is a factor that is to be observed in selectlng locations
for weighing vehicles. Highway routes carrying long-haul
truck traffic are apt to have different distributions by
truck types as compared to routes carrying mostly local
traffic, or short-haul trips. The weights and the percen-
tage of empty trucks may also vary with truck percentage.

The typeS‘of commodities carried by trucks are a function of
the local land use, the land use at cities that may be the
origin and destination of the trucks to be weighed and the
land use between the weighing station and the origins and =
destinations of the trucks. These factors are most likely

to affect the type of truck and type of body, and, therefore,
vehlcle welght on the road.

Truck traffic, as well as passenger vehlcle traffic, is often
affected by the four seasons to the extent that the number of
trucks will vary, the type of trucks will vary, and the
weights of the trucks will vary with the season. Much of

the argricultural produce, generally seasonal commodities, is
hauled by truck. Also, construction and manufacturing plant
operatlons are often seasonal in character.

. Interstate trlps‘as compared to intrastate trips by trucks in
- many localities can vary greatly in traffic volume, type of
vehicle, and commodity. A weighing station on the Other FA
primary rural highway in Iowa near the Illinois border could
carry trucking differing widely from trucks on the Other FA
primary rural highway attracting traffic that 1s mostly
1ntrastate within Iowa.

Pyt A.welghlng station on a highway near a textile manufacturing

plant probably will have truck traffic of a different
character than will a similar weighing station near a
television and radio cabinet manufacturing plant. Further,
looking all four directions from a weighing station at likely
origins and destinations of the traffic may indicate features
that are special to that location and not typical of other
parts of the highway system.
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8. Truck drivers prefer to avoid welghlng stations regardless of
whether they are being operated for enforcement or for research
only. Should an acceptable alternative route be available,
drivers are likely to divert away from the weighing station
soon after word of its operation is passed along. Preferred
locations for weighing are those that cannot easily be by-
passed by using other nearby routes.

9. A weighing station should be selectad only after determining
that nearby highway routes will not be attracting the greater
share of the truck traffic. This caution is in addition to
the one above on deliberate bypassing and pertains to the
preferred choice of route by the trucking industry. Gen-
erally, an Interstate route will be chosen in preference to
a nonaccess-controlled route, even at some extra distance of
travel. Toll highways may be chosen‘ also, in spite of the

cost if they offer an advantage in time and convenience.

‘ The importance of selecting locations on a highway route or
highway system is illustrated by the fact thaﬁ it is a rare instance
when truck weight data will be applied by management or by the
engineering staff to the highway at the exact place of the weighing
station. All weighing stations should be chosen for the purpose of
collectlng data such that in their whole they reflect the highway

system universe from which they were taken.

There should be interdependence in selecting roadside stations
for the weighing of trucks and the schedule of weighing and number
of vehicles weighed. At a given station, the weighing operation
could produce a wholly acceptable set of data for that station,
but the station could be so special that its results could unwantingly
distort the total data for the highway system when all stations are
combined. The final test of the acceptablllty of the total counting
and weighing on a given highway system 1s the grand total set of data,
rather than station by station factors. |

The above discussion is not intended to be all inclusive of the
factors to consider in locating truck weighing stations on a given
highway system, but is sufficient to support the later discussion about
truck weight data and why the data collected needs to be examined for
its representativeness.

TRAFFIC VOLUME AND CLASSIFICATION COUNT

In order that the sample of the trucks wéighed at the several

roadside stations can be expanded to a full day, week, or year, and,
in order that the sample of individual-classes of trucks can be
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expanded to full hours (for those instances when the hourly flow was
‘too heavy to count 100 percent of the vehicles) at all weighing
‘stations, 24-hour traffic volume and vehicle classification counts

are taken. These manual counts (59, pages 10,14-15) are taken for

the full Z4-hour day, and include the hours that the weighing operation
is conducted, whether for 4-hours, 8-hours or the full 24-hours.
Additional counts may be taken on other days.

Expansion of the welghts of the vehicles weighed durlng periods
less than a day is directly based upon the total 24-hour count and
classification on the assumption that the weight distribution, in-
cluding the empty/loaded ratio, is the same for the hours weighed as
it is for the hours not weighed. On an overall wide range of appli-
cation, this assumption may introduce no significant errors, but in
many specific applications the error may be 51gn1f1cant To test the
validity of the assumption, 24-hour weighing operations are made and
compared to the results from weighings for less than a 24-hour day.
No general conclusion can be drawn without extensive field data.
Whether 24-hour weight distributions will differ from the weight
distributions for less than a 24-hour period depends solely upon the
characteristics of the traffic. As seen from the previous discussion
and the factors that cause traffic classifications to differ location
to location, and the factors that cause weights to differ day to day
and hour to hour, it must be concluded that for every specific
counting and weighing operation the results may vary from the result
for a full day or full week by a considerable percentage.

SELECTION OF THE HOURS‘PER DAY‘FOR WEIGHING

Selection of locations of weighing stations is for the purpose
of getting data representative of each highway system, but of equal
importance is the selection of the days of the week and hours of the
day during which weighing is to be done. A further important factor
is the sampling of the traffic stream during the hours of weighing.
Sampling the traffic flow is mecessitated by reason that when flow is
heavy, not all trucks can be weighed, so the excess is passed through
without weighing. But since all types of trucks do not flow in the
traffic stream at equal percentages, or equal numbers, the general
practlce is to pass through without weighing part of those types that
flow in high mumbers, and weigh all or at least a higher percentage
of the types that flow in the lower volumes. This sampling technique
applies to all days and all hours of weighing, and is supported by
‘taking a full classification count of the entire traffic by vehlcle
type for full 24-hour perlods as discussed.

It has‘long been known that the flow of vehicular traffic is a

‘variable hour to hour, day to day, and season to season. But accept-
able estimates of total volume can be obtained for plannlng, design,
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and administrative uses, by controlled sampling of hours of the day,
- days of the week, and seasons of the year. The best controls for
design of the trafflc counting schedule are obtained from permanent
recorder stations that record the traffic for each hour of the year, .
supplemented by visual classifications by vehicle type. \

- For truck counting, weighing, and classification, however,
additional variables are introduced--different types of trucks and
their weight vary with volume of traffic over the hours, days and
seasons. ‘

The Manual (59, page 10) says but little about selecting the
hours of weighing andAdays of weighing. The complete statement is:

"...minimum needs require that weight stations be operated
one 8-hour weekday period each year, between late spring and
early fall. Where this minimm coverage is used, the 8-hour
period selected should include the morning peak at some
stations and the afternoon peak at others. Hours of opera-
tion (but not necessarily days of the week) should correspond
with the hours of operation for the same station on previous
surveys to the extent feasible. When a new station is to
replace an existing station, it is desirable to operate both
the new and old station during the year of transition to
maintain continuity of the trend."

The emphasis here is on the continuity of the time trend rather
than on getting a good count for the system as a whole. Considering
the variability of the truck classification counts, number of classes
of vehicles and their weights, it is doubtful that any time trend
could be reliably indicated with such few and short time weighings.
Some stations, however, are operated for longer than the 8-hour
minimum.

The factors of truck traffic that are 1mportant in settlng the
weighing schedule include the following:

1. Traffic volume;
2. Daily and hourly variations in volume flow;
3. Daily and hourly variation in flow of each type of vehicle;

4. Land use at the origins and destinations of the truck
traffic, considering both local anf faraway areas;

- 5. Hours of the day that business and industry operate with
respect to those that are served by trucks passing the weigh-
ing stations;

24




6. Seasonal effects on trucking--type of vehicle, types of
commodities, and loading practices; and

7;,‘Ratie of empty‘vehicles to loaded vehicles.

The truck volume is an important factor in selectlng the weighing
schedule by days and hours of the day. With heavy truck flow per hour,
not all trucks can be weighed, but with 1light hours of flow, perhaps
all trucks can be weighed. The heavier volumes of trucks as a whole
will carry greater numbers of the local vehicles, particularly of the
light commercial delivery trucks of two axles. - These classes of
vehicles are also largely controlled by the business hours of local
~ retail, wholesale, and service companies. On the other hand, the
tractor semitrailer combination vehicles may flow at about the same
mmber per hour for the full 24-hour day. Many full 24-hour classi-
~ fication counts disclose this pattern. The construction trucks, those -
hauling construction materials and earth excavations, will normally
operate only during the construction day ~ In large urban areas,
however, the hauling to the construction site may take place at night
to avoid the daytlme ‘heavy traffic.

A characterlstlc of 1nterc1ty line-haul operations is that loaded
vehicles may move out from the industrial areas in the evening to
reach destinations before business hours the next morning. They may
return during the day, but empty of load. Truck weight data are often
~weak on the number of empty vehicles and their weight, because empty '
trucks can be determined to be empty only when they are stopped.
Traffic volume counts can determine the number of vehicles of each
class and type that flow each hour, but cannot determine the number of
empty and loaded trucks. Therefore, unless the hours of weighing cover
‘proportlonally equal use of empty and loaded vehicles, the data will be
incorrect in this respect. At many welghlng stations the ratio of
empty trucks to trucks with loads varies hour to hour, even for the same
type of vehicle, so that the selection of the hour periods of operation
of the weighing station is important from this factor, as well as from
others

REPRESENTATIVENESS AND. CRITERIA FOR STATISTICAL QUALITY

An examination of the overall plan of and the operation of the
phases of the truck weighing process discloses that, statistically, the
results are not a random sample from the universe. Therefore, the
~ resulting traffic volume counts, mumber of empty and loaded vehicles,
average axle and gross weights, and weight distributions do not fit
nicely into statistical analyses procedures designed for random sampling
and normal distributions. The next three sections discuss the overall
truck welghlng process from the Vlewp01nt of the quality of results
desired and as obtained.
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CRITERIA FOR QUALITY OF FIELD-
COLLECTED WEIGHT DATA

Even if there were adequate financing to support roadside weighing
of motor vehicles on a year-round basis for every route section of a
hlghway system,  such operation should not be carrled out, for the reason
that it would be unreasonable and unnecessary 1nterference‘w1th the
traffic. Acceptable results can be obtained by applying statistical
science to sampling. It is appropriate then to list some of the criteria
that could be used in setting scope and quallty limits to the truck-
weighing studies. |

The variability over time of the traffic volume flow, its mix of
the several classes and types of vehicles including truck’ body types,
the classes of commodity hauled and their amounts (cubic feet and
weight) together with the uses to which the w¢1ght data will be put,
all point to the fact that such data cannot be precise without
totally unreasonable high expense in gathering the data. Even if
preciseness were achieved, it would have to be for a specific place,
a specific set of condltlons and for a specific time. These
characteristics of the trafflc, then, indicate that the roadside
weighing results are acceptable if they meet that statistical quality
wherein the mean gross vehicle weight and axle weight meet the
standards of confidence levels and variance acceptable for the main
use of the weight data.

The distribution of the gross vehicle weight and axle weights is
also an 1mportant factor to control. For an analysis of the frequency
percentages in 1,000-pound weight intervals the two ends of the
frequency curves should be specifically located to within the
acceptable range. These frequency curves are usually nonsymmetrical
and gross weight curves of empty and loaded vehlcles combined may be
bimodal.

The truck weight data collected by each State should be of such
quality that it could be used internally with the same confidence that
might be attached to it on a regional or national basis when data were
combined for many States. In other words, the uses of the truck weight
data cover four geographical applications: (A) highway route within

“a State; (B) a highway system within a State; (C) a regional area such
as a national census division; and (D) the nation as a whole.

For those vehicle types of low count in the traffic stream, a
decision needs to be made in each case whether to prolong the operation
of a weighing station in order to weigh a sufficient number to meet
the quality standard. When the type of Vehlgle is well established
in the industry (for instance, the 230), then an adequate number should
be weighed. The unusual or infrequent types (two front axles or four -
close-coupled rear axles) should be weighed only as encounted in the
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normal weighing schedule. But newer types that are growing in uses
(double cargo units or triple cargo units) should be weighed suffi-
ciently to meet the general standards for sample quality.

Because of the complex factors involved in planning and conducting
a truck-weighing operation, perhaps there is not a wholly satisfactory
process of getting the work accomplished with a high statistical quality.
Compromise then is the rule. The following factors are the main ones -
that enter into the compromise:

1. Direct financial cost to the State highway department;
2. Delay, and resulting expense, to the_trucking industry; -
3. Organizing and trainingVa field crew;
4.‘ Traffic‘hézardé and police super&ision;
5. Quality of fesults-—range of probable errors acceptable;
6. Unefenness 6fffIOW-during the day of each type of vehicle;

7. Bypassing part of the flow of the vehicle types easily
over-sampled in number and weighing longer hours to get an
adequate sample of the vehicle types of low volume flow; and

8. Limitations on selecting a random or scientifically designed
sample of the weighing stations and of the vehicle types at
the station.

- Considering each State as its own population universe, there are
four factors that must be studied in the planning of a weighing
operation designed to produce the minimum acceptable quality of
results. These four factors are (A) selecting locations for weighing
operations on each highway system, (B) selecting the hours of the day,
days of the week, and months of the year for operations, (C) setting
the schedule in number of times' the weighing should take place at
each station, and (D) selecting the minimum number of vehicles to be
weighed of each type in the traffic.

Making the‘dec151ons‘indicated in the above listing requires
attention to the following characteristics of truck traffic flow that
affects the quality of the weight data by type of vehicle.

A. Variables,in the highway system and its roadsides:
1. Mix of traffic between interstate, intrastate, and local
Ctrips;

27



2. Locatlon of industrial and commercial plants that affect
traffic at weighing stations; ~

3. Hours and days of operation affectlng industrial and
commerc1a1 plants, |

4. Seasonal activities, and their types, that affect traffic
at thelr roadsides; :

Note: The industrial and seasonal factors in 1nf1uence may not all
be near to the station , on the same route, or on the same system;
some effects can come from 300 miles away.

5. Local activity, such as construction and harvesting of crops;

6. The existing and relatively stable culture and its activities
in the area of the weighing station; and

7. The degree that the results when mefged with results from other
weighing systems will produce overall results within the cri-
teria adopted for control of quality.

B. Clock and day of week timing of the weighing:

1. Work shifts of 1ndustry and trucking policy--out fully
1oaded in the evening and back empty in the morning;

2. Local dellvery hauling and service trips--out loaded in
the morning and back late afternoon empty, or nearly so;

3. Pickup and delivery services;

4. Hauling of 11qu1ds, live stock, constructlon materials,
‘agricultural products; and

5. Local and long—distance hauling.

The above two sets of itemizations disclose the probability that
both the geographical location of the weighing stations on a given
highway system and the days and hours that the weighing operation is
conducted may affect the quality of the results. Unfortunately, not
enough research and analysis of available data have been conducted to
determine the specific variations in vehicle weights that could be ex-
pected with a variation in the factors listed. The ratio of empty
vehicles to those'w1th.payload as a variable over the 24-hour day as
well as the variation in the weights of the vehicles, both gross and
axle, have not been sufficiently determined by actual roadside
welghings.
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When the results of weighings and payload determinations obtained
from any 8-hours of weighings are expanded to the full traffic count
for 24 hours, the errors introduced in the expansion remain unknown
because of the lack of prior welghlng over the full 24-hour day to use
as a base for the expansion.

Another problem that arises in the operation of a given station is
caused by wide range number of vehicles by type. For instance, for the
five-axle tractor semitrailer (code 332), a total of 200 vehicles could
be weighed, but for the three-axle single unit truck (code 230), only
15 could be weighed. Both vehicles were weighed 100 percent of their
flow. The 332 combination could flow the whole 24-hours a day at about
the same rate, but the 230 would most likely have no flow between 7 p.m.
and 7 a.m. In this situation one vehicle could be over-sampled and the
other under- sampled.

REPRESENTATIVENESS OF TRAFFIC VOLUME
CLASSIFICATION AND OF VEHICLE WEIGHINGS

In order to achieve the objectlves of the classification and
weighing of trucks as stated in the introduction, the field work
should be controlled by three factors. First, sufficient volume of
data (vehicles counted and vehicles weighed) should be obtained in
order that the results will have a level of statistical quality
acceptable to their uses--the size of the sample must be adequate;
second, the data for a highway system or for a specific code type of
veh1c1e should be an acceptable representation of its own universe--
the classification count and the weight data for a specific highway
system should be representative of that system; and third, for
comparisons of highway systems and for comparisons of States, the
data being compared should be representatlve of the universes belng
compared——for instance, in comparing census divisions, all States in
each division should be included in proportion to the actual flow of
vehicles in each State. The following discussions relate to this
overall objective of the classification and weighing processes with
respect to getting data truly representatlve of the populations from
which they were taken.

Two factors (other than safety, efficiency, and phy51ca1
requirements) of prime importance in conducting a truck weighing
operation at the roadside are representativeness of the (1) traffic
volume and composition and (2) of the welght and other technical
information recorded.

The objective is to gather traffic flow, vehicle weight, dimension,
and other facts that are a good representation of the universe of which
they are a part. Obviously, the ultimate would be to count and to weigh
every vehicle passing hundreds of stations on the entire system mileage
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and cover every minute of time for a year. But such extensive
operations are not necessary because under well chosen and controlled
counting and weighing of vehicles a representatlve sample set of data
can be assembled. Representativeness applies| to the hlghway system,
a highway route, a route section, and a weighing station. Further,
representativeness applies to the time identification such as a year,
a season, a month, a week, a day, and an hour. Selectlng weighing
stations, therefore, is dependent upon determining what is wanted.

Counting of traffic and classifying by vehicle type, as well as
the welghlng of vehicles, is accomplished on a sampling basis.
Sampling is applied to locations (stations) on highway systems and
to time. Thus, on a State primary rural system of 8,000 miles,
perhaps at only five to ten spot locations will trafflc be counted
and weighed. 1In a given hour of weighing not all of the 332 tractor
semitrailers (and other high volume types) in the traffic stream may
be weighed. And further, the hours of the day may have been sampled
by weighing only four mornlng hours and four afternoon hours in a
given day. Then, both counting and weighing may have been done on
only Monday and Thursday of one week. Should the traffic be counted,
classified, and weighed in total for a full 24-hour day, the results
would be 100 percent accurate for that day. But such complete data -
for the day may not produce data that are representative for that
station over a longer time period, and may not be representatlve for
the entire route or total hlghway system on which the statlon is
located.

Sampling is a useful device, but must be used with discretion and
known statistical probabilities of its probable errors. Just visual
observation of the recordings of counts of traffic and weights of
vehicles at a few roadside stations will disclose that the samples may
not be an acceptable representatlon of the trafflc at stations or of
the route. '

A discussion of some of the factors to consider in selecting
locations for weighing at the roadside and the sampling of hours and
days will afford a foundation for understanding the variability of the
data recorded.

ANALYSIS AND TESTING OF FIELD DATA FOR
REPRESENTATIVENESS AND ACCEPTABILITY

From the 1971 weighings by State highway departments, a few
selections of the data are analyzed to show the wide variation in
number of vehicles counted and weighed and the comparative represen-
tativeness of these samples.
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It is important to assemble adequate data on both counts and
‘weights of vehicles. The end result of their application can be no
‘better than the quallty of the original field data.

An 1mportant factor to keep in mind, though often overlooked in
practice, is that the distribution of the gross weight and of the axle .
‘weight is perhaps more important than the average of the we1ghts This
is true because the equivalency factors (75, 76) for conversion of the
axle weight data to equivalent 18-kip axle loadings on pavements are
- exponentials, and must be applied to the weight data by a series of
weight 1ntervals, say the axle weight distribution by 1- -kip weight
intervals. For instance, under certain conditions of design, the
equivalence factors for a single axle are ‘as follows: 18-kip axle,
1.00; 20-kip axle, 1.58; 22-kip axle, 2.40; and for -a 24-kip axle,
3.51. Likewise, it is the heavy axle loadlngs that may produce
overstress in bridges, so the axle weight distribution is highly
important in both pavement and bridge structure design. The runnlng
cost for trucks also is an exponential to truck gross weight increase.
For a tractor semitrailer the operatlng costs in cents per mile are
_about as follows in terms of gross weight: 40-kips, 56.11; 60- klps,

63.30; 80- klps 71 205 and for 100-kips, 80. 18 '

Although a set of welghlngs may produce an acceptable average
gross weight, or average axle weight, the distribution of the indivi-
dual weights, by we1ght intervals, could be umacceptable

‘ Another 1mportant factor is the we1ght and ratio of empty vehicles
(vehicles without any payload cargo*) to those vehicles with payload
(fully or partially loaded). To determine the pounds of payload
carried by a given class of vehicle, it is necessary to subtract the
average empty gross weight of that vehicle type from the average gross
weight of the vehicles with load. No way has yet been developed to
weigh the empty weight of a loaded vehicle. Average payload per
vehicle type is determined by we1gh1ng separately vehicles empty of
load and vehicles with load and assuming that all vehicles with load
will have the’ average welght empty equal to that of the weighed empty
vehicles of their type. Then, in determining the total tons of pay-
load transported the average gross weight of the vehicles weighed
empty is subtracted from the average gross weight of the vehicles
weighed with load. Therefore, it is important to get both an accurate
count of the mumber of empty and of loaded vehicles, as well as a
rellable gross weight of both empty veh1c1es and veh1c1es w1th payload

® Payload is deflned as the removable content, goods, in the vehicle
that is being hauled to a destination. Presumably someone is pay-
ing for its haulage. Payload does not include dunnage, packing,
tools, or other material customarily carried in the truck.
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But the number of vehicles empty (their count),is determined from all

vehicles weighed, not the classification 24-hour counts.

weighing operation, then, it is important to
number of every type of truck to reliably det
total vehicles by type that are empty and the

In the

stop and weigh a sufficient
emine the percentage of

ir gross weight distribution.

Perhaps the most common deficiency in the vehicle weight data at a

given station or for a given highway system i

s failure to weigh suffi-

cient numbers of vehicles in each category (axle configuration, empty,

and loaded).
are empty of payload. Therefore, the vehicle
of total vehicles. 'Weighing a total of 300 t

322, would produce weight data on 200 loaded v

About one-third of combination v

ehicles on the highway

s with load are two-thirds
ractor semitrailers, code
ehicles, but only 100

empty vehicles, which could be too few to produce acceptable results.

Many of the examples in the Appendix tables d
And such conclusion was reached by Buffington
by the following quotation (9, page 50):

"The analysis of individual station

isclose this deficiency.
, et al., as indicated

's average vehicle and

axle weights according to vehicle types, load characteristics
and highway system indicated that such averages vary signif-

icantly between stations. Much of t
variation between these averages is

he station to station
due to the nonrepresen-

tativeness of the data on an indivi@ual station basis.
"There are other station to station differences not caused
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directly by the weighing schedule.

For instance, there are

those due to change, which becomes quite large in the area

of very small samples. This is indi
in most cases, the number of vehicle
different stations in 1967 is too sm
number of vehicles required by the s
in order to overcome chance sampling
magnitude and stated probability lev

The smallness of the sample can be overc
for more than one station, or by combining tw
years of data. But such procedure may not ov
presentativeness of the data at a given stati
system. Statistically, it is one thing to de
weighing and counting effort for a given year
station sample is to produce results that are
station, and quite another operation to produ
ple consolidated from several weighing statio
sentative for the total highway system on whil
are located.

cated by the fact that,
s (by type) weighed at
all compared to the
tation's own statistics
errors of a given :
el."

ome by combining the data

0 or three consecutive

ercome the lack of re-

on or for the highway
sign a total roadside

on the basis that each
representative for each
ce a highway system sam-
n samples that is repre-
ch the individual stations

~In the editing of the data and in the analysis of the results, it

is often difficult to determine whether depar
values are the result of:
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1. poor sampling at the roadside station;
2. arithemetical errors ijn pfocessing the,field data;

3. just an unusual behavior of trucking during the hour or
- day that the welghlng was done; or

4. a real difference in the normal characterlstlcs at that
~ station or that highway system as related to other stations
‘and systems. :

For these reasons, variations from prlor results obtalned ,
elsewhere and relationships between the classes of vehicles from
year to year should be carefully investigated before assumed to be
- correct or incorrect. For instance, reported results of weighing the
230 truck which show that 72 percent of the trucks were empty should
immediately sound a warning. This truck, used heavily in construction
to haul bulk materials, concrete mix, and construction materials
‘operates closely to 50 percent empty. Further, its use is more pre-
~dominant in urban areas than on rural highways. It is not a line-haul
vehlcle _ : ~

‘ There are differences in the trucking on hlghways with respect
to relative numbers of the types of vehicles, weights of trucks with
and without load, percentage empty, average welght empty, and average
payload per vehlcle. These differences arise from differences in legal
limits of gross and axle weights, State to State, character of the
activities within States or regions with respect to types of industry
and.manufacturer, and whether agricultural in character and whether
industry is centralized or dispersed. It is such factors as these that
result in specific differences in the characteristics of trucking as
detected from analyses of the truck weight data and associated infor-
mation. Unfortunately, so often the sampling of the truck weighing,
the choice of location of weighing stations, and the number of trucks
weighed does not produce a representative sample adequate in all
respects to positively isolate the real differences in trucking prac-
tices and in traffic usage, highway system to highway system, State to
State, and census division to census division. ,

Several States have special provisions for trucks hauling agri-
cultural or manufactured products produced within the State that
accords such trucks higher limits of weights or dimensions than is
generally applicable. When it is considered that the single axle
~weight with enforcement tolerance varies State to State from 18,000

to 24,000 pounds, and that the tandem axle limits vary from 32, 000 to
44, 000 pounds, and that legal gross vehicle weights vary from 70 000
to 105,500 pounds, it is readily seen that State to State there‘will
be differences in the results of truck weighings. Another significant
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difference is that only about 30 States permit double cargo units--
truck and full trailer, or tractor, semltraller and full trailer,
as combination Vehlcles

Plotting curves of the distribution of ? mpty and loaded gross
weights and axle weights is a good device to test the adequacy of a
sample of roadside weighings. The usual statlstlcal procedures and
checks should also be applied to evaluating truck weights and other
data for representativeness and acceptability. Once samples of large
numbers known to be adequate in size have been thoroughly examined
statistically, future samples could be compared statistically and
graphically to the characteristics of these samples proven to be
adequate in number and in distribution of we;ght by weight intervals.

COLLECTION OF INFORMATION OTHER THAN TRUCK WEIGHT,
TRAFFIC VOLUME, AND VEHICLE CLASSIFICATION

From year to year the general prov151ons for conducting the
annual truck weighing operations include provisions for collecting
data on aspects of trucking and highway use, other than the vehicle
and axle weights and traffic classification of vehicles. These
provisions include certain specific 1nformat10n that is collected
yearly and special operations that vary year to year, as noted in the
following listing:

A. INFORMATION THAT IS COLLECTED YEARLY
1. Identlflcatlon of automobiles as in-State or
out-of-State registration;

2. Size of automob11e-—c13551fled elther as standard or
small;

3. Enumeratlon of motorcycles and scooters (regular
item since 1965);

Commodities carried as payload;

Maximum weight for which vehicle is licensed;

(o)) o +

Cargo body type;

7. Class of operation: common carrier, contract carrier,
agricultural exempt carrier, private carrier;

8. Distance between axles; and

9. Engine fuel type.
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INFORMATION THAT IS COLLECTED ONLY IN YEARS SPECIFIED

Occupancy by number of persons in automobiles;

.~ Whether front axle tires were recapped;

. Horsepower of engine;

Distance of total trip;

Origin and destination of truck by State, county,
and city;

Type of operation--terminal to termlnal or pick- up
and delivery;

Dimensions of vehicle, particularly width and 1ength
(see item Ar8 for axle spacing);

Specific information on vehicles that exceed the State
legal limits of axle and gross weight, such as axle
spacing, vehicle width, type of body, commodity carried;
and :

Trip characteristics with reference to chain of
production and distribution of commodities--raw
materials going to plant, partially finished goods
going for further processing, manufactured items going

- to factories and assemblies, manufacturer to warehouse

or wholesaler, wholesaler to retailer, or retailer to
consumer. ~

The field information on the above items is available in the
several States and Federal Highway Administration. No analysis of
these subjects is included in this report, however.

Anomg the Shbjects that could be considered for specialrstudies
in connection with the annual weighing of the vehicles are:

1.

Horsepower of engine. For use in determining the weight/
horsepower ratio used in calculating the performance of
vehicles and other purposes.

Licensed gross weight in those States that license vehicles
on the basis of the declared maximum load weight. Licensed
gross weight can be compared with actual load gross weight
and practical maximum gross weight.
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Record at time of weighing whether aLy oversize or overweight

3.
vehicle is moving on a special permit

4. Empty weight posted on vehicle; alsoL manufacturers’'
' recommended gross welght if posted.

5. State or States in which vehicle is 11censed

6. Class of ownership of vehicle driver, trucking company,
manufacturer, distrlbutor small private business, farm
operator.

7. City in which vehicle is based, or garaged.

8. Persons aboard not counting driver: | extra driver, trucker

or company employee, relative, frien

ROADSIDE STATIONS AT WHICH TRAFFIC WAS

The number of roadside stations at which
and classified and, with rare exception, weig
planation of why State to State there are une
the average weight, distribution of weight, a
The characteristics of trucks and their use o
a considerable range on any given highway sys
what location on the highway system (or route
made. In Table 6, the number of stations per
rural system varies from 0 to 9, and on the O
system the range is from 0 to 16, not countin
The zero on the Other FA primary rural system
Columbia, which has no rural system.

- The number of stations at which to class
order to get results that are representative
type and representative of the average weight
can be determined only by more extensive stud
The information in Table 6 does suggest that

system to highway system and State to State a

one of two factors that cannot be identified
the limited number of stations observed and 1i
some stations, the variances in systems and S

to actual differences in vehicles and truckin

guished from sampling deficiencies.
. An analysis of the number of roadside st

highway would be worthwhile. Such an index m
“large and small numbers in Table 6.
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Table 6.. Number of roadside stations at which traffic was classified

in 1971
‘ : - Other FA Other FA FA FA
Census Division Interstate Interstate Primary Primary Secondary Secondary
and State Rural Urban Rural  Urban Rural Urban
New England 10 4 34 14 3 0
01 Comnecticut 2 1 3 3 0 0
02 Maine 3 0 12 3 1 0
03 Massachusetts 2 1 6 4 1 0
04 New Hampshire 1 1 5 2 1 0
05 Rhode Island 0 1 1 2 0 0
06 Vermont 2 0 7 0 0 0
Middle Atlantic 10 4 32 12 1 1
07 New Jersey 3 2 6 7 1 1
08 New York 6 1 10 3 0 0
09 Pennsylvania 1 1 16 2 0 0
South Atlantic North1l3 3 34 11 0 3
11 Delaware 0 0 4 4 0 0
12 District of : ‘
Columbia 0 0 0 2 0 0
13 Maryland 3 0 5 2 0 2
14 Virginia 7 2 12 2 0 1
15 West Virginia 3 1 13 1 0 0
South Atlantic South 12 0 43 13 3 2
16 Florida 4 0 11 3 2 0
17 Georgia . 1 0 11 4 1 0
18 North Carolina - 5 0 16 1 0 2
19 South Carolina 2 0 5 5 0 0
East North Central 32 2 44 11 9 6
21 Illinois 6 0 10 3 0 1
22 Indiana 3 0 7 0 0 1
23 Michigan 6 1 4 2 2 0
24 Ohio 9 1 8 - 1 0 -2
25 Wisconsin 8 0 15 5 7 2.
East South Central 18 0 24 9 1 1
26 Alabama 0 0 111 2 1 0
27 Kentucky 6 0 3 1 0 1
28 Mississippi 6 0 5 4 0 0
29 Tennessee 6 0 5 2 0 0



Table 6. Number of roadside stations at whlch traffic was classified

in 1971 (contlnued)

‘ ~Other FA Other FA _ FA FA
Census D1V151on Interstate Interstate Primary Primary Secondary Secondary
 Rural Urban Rural Urban Rural Urban
West North Central 39 4 107 ¢ 10 - 34 5
31 Iowa 6 0 7 1 0 0
32 Kansas 5 0 7 0 -0 .3
33 Minnesota 6 4 52 3 34 1
34 Missouri 8 0 10 2 0 0
35 Nebraska 2 0 14 2 0 0
36 North Dakota 4 0 7 0 0 1
37 South Dakota - 8 0 10 2 0 0
West South Central 13 0 38 7 2 3
41 Arkansas 5 0 7 4 0 0
42 Louisiana 2 0 7 2 2 0
43 Oklahoma 2 0 - 10 1 0 1
44 Texas 4 0 14 0 0 2
Mountain 32 0 49 7 13 3
51 Arizona 6 0 6 1 3 0
52 Colorado 5 0 6 0 1 0
53 Idaho 2 0 10 2 0 0
54 Montana 7 0 4 1 8 0
55 Nevada 3 0 7 0 0. -0
56 New Mexico 4 0 7 0 1 1
57 Utah 1 0 4 1 0 2
58 Wyoming 4 0 5 2 0 0
Pacific 11 1 13 4 1 1
61 California 5 1 4 1 1 1
62 Oregon 2 0 6 0 0 0
63 Washington 4 0 3 3 0 0
Noncontinguous ; .
64 Alaska - -- 6 0 0 0
65 Hawaii 0 1 6 . 3 0 0
66 Puerto Rico -- - 5 0 0 0
190 19 435 67

'U.S. Total

38
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A.cursory examination of the vehicle classification and weight
data by roadside stations within one State and on the same highway
system, indicates that there are significant differences in the results
of vehicle count, classification, and weight data. The number of
stations requlred for the collection of representative data could be
indicated by analysis of several States where more than two stations
: were operated on each highway system. ‘

Table 7 gives the number of States in order of increasing number
of stations. Both Tables 6 and 7 indicate that State to State there
is no consistent procedure followed in selecting the number of road—
side stations.

~ On the Other FA primary rural systems there were 435 stations with
5 to 9 States counting at 4 to 10 stations each. The mmber of States
counting on the Interstate urban and on both FA secondary systems is so
small, 17 or fewer, and the number of stations counted so few as to
invalidate the results, so far as being representative of these three
highway systems. Even the Other FA primary urban data are weak for the
reason that of the 41 States counting on the Other FA primary urban
system, only eight States counted at more than three stations.

TRAFFIC COUNT AND VEHICLE CLASSIFICATiON FOR 1971

The basic tables on file in the FHWA Office of Planning give for
each State and for the six Federal-aid highway systems (Interstate,
Other FA primary and FA secondary) the number of stations that counted,
number of vehicles counted by vehicle type code, percentage of each
vehicle type based upon the total count, and the percentage of each
vehicle type for each hour of the 24-hour day. (See illustrative
tables in the appendix).

RESULTS OF THE IOWA VEHICLE CLASSIFICATION FOR 1971

For illustrative purposes, Table 8 gives for Iowa the traffic
count for all types of vehicles for 1971 on the Interstate rural,
Other FA primary rural and Other FA primary urban systems. The
- distribution for the Other FA primary urban system is somewhat rough,
because only one roadside station was counted.

3 For all three systems, the people- carrylng vehlcles account for
close to 77 percent of all vehicles. The 2-axle trucks increase in
number and in percentage of total vehicles from the Interstate rural
(9.28 percent), through the primary rural aystem (14.45 percent) to
the primary urban system (17.80 percent).

39




‘Table 7. Number of States® and number of

ﬁounting roadside stations

for 1971
,, | “Other FA Other TA FA  TA
Number of Interstate Interstate Primary Primary Secondary = Secondary
Stations Rural Urban Rural Urban Rural Urban
0 7 38 1 11 36 35
1 4 11 1 10 9 10
2 9 2 0 15 3 §)
3 6 0 3 8 1 1
4 6 1 5 5 0 0
5 5 0 7 2 0 0
6 9 . 0 7 0 0 -0
7 2 0 9 1 1 0
8 3 0 1 0 1 0
9 1 0 0 0 0 0
10 ' ’ 6 0
11 3 0
12 2 0
13 1 0
14 2 0
15 1 0
16 2 0
34 0 1
52 1 0
States counting 45 14 51 4 16 17°
Total stations 190 19 435 | 101 67 25
8District of Columbia and Puerto Rico included as States for a total of
. 52,
bIncludes New Mexico which did not weigh vehicles and excludes Wyoming
and Puerto Rico which did weigh vehicles but did not count at roadside
stations. ‘ :
40
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The percentages for the tractor semitrailer combinations decrease
 over the sequence of these three systems. The increase in the percen-
tage of 2-axle trucks would be expected because all vehicle trips
‘become more local as the highway system becomes more of a local service
 function. The tractor semitrailer combinations, as line-haul vehicles,
have their largest percentage on the Interstate rural system. ‘

; ‘The count of 8,595 vehicle type code 332 trucks, or 1,432 per
" station per day, on the Interstate rural system is the highest volume
of any truck type. On the Other FA primary urban system, however, the
vehicle type code 200 panal and pickup vehicles have the largest count,
1,473 per station per day.

~ ' The trucks are lifted out of Table 8 and placed separately in
Table 9 to show the relative percentage each type of truck is of the
total truck count. The 2-axle trucks range from 40 percent of all
trucks of the Interstate rural system to 76 percent on the primary
urban system. Of significance is that the 332 tractor semitrailer on
the Interstate rural is 46.1 percent of the total truck count. On the
primary urban system, the code 200 panel and pickup is 47.8 percent of
all trucks, but only 24.9 on the Interstate rural system.

- HOURLY DISTRIBUTION OF TRUCK TRAFFIC BY VEHICLE TYPE CODE

:  Tables 10 and 11 give the percentage of traffic count for each
hour of the day for codes 200, 220, 230, 321, 322 on the thres systems--
Interstate rural, Other FA primary rural, and Other FA primary urban for
Towa.

These distributions illustrate characteristics of the use of
different types of vehicles as well as their adaptation to the three
highway systems. Figures 1, 2 and 3 illustrate these characteristics
in graphic form. The code 200 truck on the Other FA primary urban system
has the customary two peaks a day, the same as found for passenger cars.
These peaks are less pronounced on the Other FA primary rural system,
and on the Interstate rural only the afternoon peak prevails. The code
230, the construction bulk hauler, has only one peak and that at midday.
Note, however, that this count is for only one station and may not be
representative of the Other FA primary urban system as a whole.

Of special significance are the distributions for the three tractor
semitrailers, 321, 322 and 332. The 321 has minor peaks morning and
‘afternoon on the Interstate rural, with a fair percentage of trips in
the night hours. The 321, however, has more pronounced peaks on the
Other FA primary rural system, and the 321 code on the Other FA primary
urban has an hourly distribution confined almost entirely to the working
day from 7:00 a.m. to 7:00 p.m.
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Table 8. Number of vehicles counted by 1
of total for the Interstate rural, Of

rehicle code and percentage
her FA primary rural, and

Other FA primary urban systems in Iowa for 1971
Other FA Other FA
‘ Interstate Rural Primary Rural Primary Urban
Vehicle Type Count Percent Count Percent Count ‘Percent
U61-2 Small cars 2,941 3.66 | 631 2.15 . 37U 2.81
071-2 Std.§ compact 58,320 72.56 21,817 74.38 9,613 73.04
U030 Motorcycles 256 0.32 159 U.54 82 . 0.62
150 Coml. bus 189 0.24 51 0.17 12 0.09
18U Non-coml. bus 27 0.03 36 0.12 1 0.01
Subtotal 61,733 76.81 22,694 77.36 10,078 76.57
200 4,638 5.77 2,604 8.88 1,473 11.19
210 516 v.64 366 1.25 195 1.48
220 1,685 2.09 9uu 3.07 494 3.76
230 623 U.78 366 1.25 180 1.37
Subtotal 7,462 9.28 i 4,236 14.45 2,342 17.80
321 372 0.46 100 0.34 42 V.32
322 1,239 1.54 273 0.93 69 U.52
332 8,595 10.70 1,766 6.02 580 4.41
333 22 0.03 19 0.07 5 0.04
Subtotal 10,228 12.73 2,158 7.36 696 5.29
421 257 0.32 101 V.34 20 U.15
422 339 U.42 95 U.32 20 0.15
432 76 0.10 31 L.11 3 v.02
Subtotal 672 V.84 227 0.77 43 0.32
5212 252 0.31 15 0.05 2 0.02
5312 25 U.03 U -- 0 -
Subtotal 277 0.34 15 0.05 2 0.02
Others 4 U 3 V.01 U -
Grand total 80,376  100.00 29,333 100.00 13,161 100.00
No. of Stations 6 - 7 -- 1 --
Average Daily Count per
Station 13,396 -~ 4,190 -— 13,161 --

42




~ Table 9. Number of trucks counted at all stations and percentage
of total trucks counted for the Interstate rural, Other FA
primary rural, and Other FA primary urban systems in Iowa
for 1971

Other FA Other TA
Interstate Rural Primary Rural Primary Urban
Vehicle Type Code Count Percent Count Percent Count Percent

200 4,638

24,9 2,604 39.3 1,473 47.8
210 516 2.8 366 5.5 195 . 6.3
220 1,685 9.0 900 13.6 494  16.0
230 623 3.3 366 5.5 180 5.9
Subtotal 7,462 40.0 4,236 63.9 2,342 76.0
321 372 2.0 100 1.5 42 1.4
322 1,239 6.7 273 4.1 69 2.2
332 . 8,595 46.1 1,766 26.6 580 18.8
333 ~ 22 0.1 19 0.3 5 0.2
' Subtotal 10,228 54,9 2,158 32.5 696 22.6
421 257 1.4 101 1. 20 0.6
422 339 1.8 95 1.4 20 0.6
432 76 0.4 31 0.5 3 0.1
Subtotal 672 3.6 227 3.4 43 1.3
5212 252 1.4 15 0.2 2 0.
5312 25 0.1 0 0.0 0 0.0
1.5 0.1

Subtotal 277 15 0.2 2

" Total 18,639 100.0 6,636  100.0 3,083 100.0

Average Daily Count
per station 3,106 -- 048 - 3,083 -~
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PEHCENh OF 24-HOUR TOTAL TRAFF1C

12.00

8,00

4,00

2,00

19.00

8,00

VEHICLE CODE 200

A A INTERSTATE, RURAL

B X OTHER FR PRIMARY, RURAL
C % OTHER FA PRIMARY, URBAN

P, 00

2.00 %.00 6.00 8.00 It 14.00 16.00 18.00 20.00 22.00  24.00

0.00 12.00
HOUR OF DAY

Figure 1. Percentage of hourly frequency of the 1971 Iowa traffic count for vehicle type
code 200 for selected highway systems.
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The popular 332 tractor semitrailer on the Interstate rural
system runs the 24-hour day right through with the small variation
of 2.91 percent to 5.45 percent per hour. This same characteristic,
though with slighly a wider range of percentage, is found for the
322 on the Other FA primary rural system. On the Other FA primary .
urban system the 332 has still a higher range with the midday reaching
8.45 percent and the night having a low or 0.86 percent.

These hourly distributions of traffic flow by vehicle type
illustrate the importance of giving attention to the distribution in.

 selecting hours of the day for the weighing of trucks. Further, there

- is need to made analyses of the empty/loaded ratioc and of the axle
and gross weights over the 24-hour period, particularly so for the
line-haul vehicles. : N ST S R P

AVERAGE WEIGHTS, PAYLOADS, AND WEIGHT DISTRIBUTION FOR 1971

The field procedure for weighing trucks identifies the weight on .
each axle and whether the vehicle is empty of payload or with payload.
These two basic sets of data are usually summarized by vehicle code
number and highway system to produce the following information:

~ Number of vehicles weighed empty, loaded, and combined;
Average weight on each axle, empty, loaded, and combined; =
Average gross weight, empty, loaded, and combined; E
 Average payload per vehicle; : e
Percentage of vehicles weighed empty (or weighed loaded); and
~ Percentage distribution of axle weights and gross weights by
weight intervals. 1 : :

' These six sets of data provide for a wide range of application of
the weight information, including comparisons by vehicle type, by
highway system,-by State, by census divisions, and years for trend
analyses. The general procedure does not tabulate the data by indi- -
vidual roadside stations, but such information is available from each
State highway department and the FHWA Office of Planning at
Washington, D.C. X i

The basic weight data as collected by the States in 1971 (on file
in the Office of Planning) are summarized in four series of tables as
illustrated in the Appendix. These tables cover average axle weights
and average gross weights for empty, loaded, and combined empty and
loaded vehicles, and the distribution of these weights by weight
intervals. The average payload per loaded vehicle is also given in
connection with gross empty and gross loaded weights. In the next
seven sections of this text these subjects are discussed and typical -

results are illustrated in tables and figures.

49



1
i

NUMBER OF VEHICLES WEIGHED IN 1971

An examination of the Appendix A tables that summarize for each
State and highway system the total number of vehicles weighed by
vehicle code, indicates the wide range in mumber of trucks weighed by
any chosen factor. For instance, table 30 for the Interstate rural
system for vehicle type code 200, Colorado weighed 280 and Idaho 3;
for vehicle type code 220, Montana weighed 381 and Idaho 92; and for
vehicle type code 322, New Jersey weighed 514 and Pennsylvania 62.
Also on the Interstate rural system, in the West North Central census
division, Iowa weighed 7,437 of the vehicle type code 332 and
Minnesota weighed only 197. If there is any real difference in the
weights of vehicles and other characteristics of trucking between Iowa
and Mimmesota, a census division composite would be highly weighted
toward Iowa as compared to Minnesota. This range in size of samples
weighed, along with those differences in the other five States of the
West North Central census division gives rise to questions as to the
acceptance of the census division composite.

These tables account for every vehicle weighed in 1971 on all
highway systems by each State. It is to be noted that many of the
vehicles weighed in several of the vehicle codes were less than 10
and even as low as one. It is probable that some of the instances
of weighing only one vehicle could be an error in recording, though
the infrequent vehicle type may be found on any highway system in any
State. Some of the rare cases may be for a vehicle moving under a
special permit. A study of these tables will reveal that many of the
vehicle types common in certain States are not to be found at all in
other States, because of being prohibited by State law. For instance,
in the eastern States the truck with trailer is not generally found,
but it i1s common in the western States.

EMPTY AND LOADED, AXLE AND VEHICLE GROSS WEIGHTS

Table 37 in Appendix B is a sample table showing for nine of the
more popular vehicle types, the number of vehicles weighed, average
axle weight of each axle and the average gross weight (sum of the
axle weights) by empty, loaded, and combined. These data are for the
Other FA primary rural highway system by census division. On a State
basis this information is highly usable in many local applications of
the truck weight data. True, the distributions of weights are not
given, but often the average axle weights and average gross weights
serve the purpose. ‘

With few exceptions, the census division data show consistency.
The exceptions are usually the result of inadequate sample size. The
average gross weights for both empty and loaded vehicles, State to
State, and by census divisions, would show wide scatter, more so for -
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the heavier vehicles than for the 2-axle classes. The variations,
among other causes, result from the differences in the maximum legal
axle and gross welghts, State to State. Perhaps also, there are
absolute differences within a State on its different highway systems
and absolute differences State to State because of the character of
the trucking industry and its types of cargo. To determine the real
factors that cause the differences in average axle weights and gross
weights, as indicated in the basic tables, requires much more detailed
analysis than has been attempted herein.

The Appendix tables on average axle weight and average gross weight
would be most helpful if they were presented on a State basis. The
number of pages required, however, are beyond the limits of this
publication. An examination of the State by State tables, as would be
expected, shows a wider range of avérage axle and average gross vehicle
weights than is shown by the census divisions.

The average weight of the empty vehicles is of specific question
because of two factors. First, the heavy line-haul vehicles, tractor
semltraller and truck trailer comblnatlons the number of empty trucks
is about one-half of the number of trucks w1th load. Therefore, to get
an adequate number of empty vehicles weighed, it may be requlred to stop
(and.presumably weigh) twice the number of trucks with load. Second,
there is a wide variation in the enpty weights of trucks in accordance
with their body types. These variations in body type give rise to a
wide spread in ratio of empty weight to payload weight. It is true,
of course, that the same spread of tare weights is found with load, but
the overall gross weight of loaded vehicles masks somewhat the dlfferences
in average gross weight empty.

‘GROSS WEIGHT OF EMPTY TRUCKS

The weight of trucks empty, that is, without any payload or cargo,
other than truck equipment, dunnage, and regular items that are not
being delivered to a specific destination, is a highly important
product of roadside weighings. The gross weight empty of a truck needs
to be established, because the gross weight empty enters into the pro-
cedure for determlnlng the weight of live load, or payload, that is
being carried. The normal procedure is to Welgh trucks on the roadside
and c1a551fy them as empty or with payload. The phrase "with payload"
means carrying any amount of cargo to be delivered somewhere. It
matters not whether the payload weighs 100 pounds or several tons.

From the field data collected on empty vehicles and loaded vehicles,
their average gross weights are calculated on the basis of the,vehicles
weighed. '

51




The assumption is made that the average

weighed empty will also be the average gross
of the loaded vehicles. Thus, by subtractin
of the empty vehicles from the average gross
hicles, the average weight of the payload ca
obtained. From the mumbers of empty vehicle
weighed, the average payload weight carried j

gross weight of the vehicles
weight empty (tare weight)

g the average gross weight
weight of the loaded ve-

rgo per loaded vehicle is

s and loaded vehicles

per vehicle by all vehicles

ran be calculated. The
ven highway is then equal
imes the traffic count of

(empty and loaded combined) in a given type
total tomnage of cargo transported over a gi
to the average weight of cargo per vehicle t
that vehicle type.

In the weighing of vehicles at the roadside, there usually is no
way to determine whether a vehicle is with load or without load until
the vehicle is stopped. The loading conditien of open body types can
be observed as the vehicle approaches the weighing station, but the
closed body types cannot be so observed.

In effect, the empty vehicles and the 1
separate classes of vehicles from the viewpoint of their weights. The
weighing crew may weigh a sufficient number of vehicles of a given axle
arrangement type to determine the distribution of gross weight of empty
and loaded vehicles combined, but not have a sufficient number of empty
and loaded vehicles separately to determine thelr respective average
gross weights, |

baded vehicles become two

‘As a general concept, there are three categories of vehicles with
reference to the empty/loaded relationship. First, some vehicles, for
instance the three-axle single unit dump truck or transit concrete mixer,
normally haul cargo (substantially fully loaded) in only the outgoing
direction and return empty. A second category of truck use is that
where the vehicle starts out with either a full or partial load of cargo
to deliver at various stops, and does not normally'plck up any return
load. Vehicles in this category may be with load at the weighing sta-
tion, but not often with full 1oad DellverY vehicles of all types in
both rural and urban areas are in this category; tanker trucks and re-
tail goods delivery vehicles are examples. The third category is com-
posed of those trucks that deliver and pick up in route and are
usually never without payload and may not often be fully loaded.

Common carrier vehicles on certificated routes are common vehicles in
this category.

In the truck weighing data, fully loaded vehicles are detected by
being up to full legal limit on gross weight or on axle weight. In
the industry, however, a truck can be fully loaded from the standpoint
of cargo volume (cubage) and not be loaded to maximum weight, either
gross or axle weight. Furniture, household goods, seat springs, and
automobile carriers usually "'load out" on a ¢ubage basis rather than
on a weight basis. |
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In addition to weighing at the roadside a sufficient number of
vehicles to establish the average empty gross weight, it is important
to establish the ratio of the number of empty vehicles to the total
number of that class of vehicle in the traffic stream. Having deter-
mined the weight of cargo per vehicle carrying cargo, the next step
is to determine the average weight of cargo per vehicle type including
the empty vehicles., Should the ratio of empty vehicles to total ve-
hicles weighed be larger than the true ratio, even though the average
‘weights are correct, the computed total tons of cargo hauled will be
underestimated.

Tables 12, 13 and 14 for the Interstate rural, and Other FA
prlmary rural, and urban systems give the percentages of the vehicles
for nine codes that were empty of payload when weighed as assembled
for the ten census divisions and the national total. The percentages
empty and average gross weights for the national total are probably a
good average. For the census divisions, the low and high percentages
and weights in some instances are definitely due to a small-sized
sample; other departures from the national average may be the result
of actual difference in trucking practices division to division, the
roadside station locations, or to the sample of vehicles weighed. A
State by State analysis would shed much light on the range of percen-
tages and empty weights that could be expected. ‘

The type code 200 vehlcle on the Other FA prlmary rural nationally
averages 66 percent empty. “This high percentage is to be expected for
this vehicle because it is more of a people carrier than a goods carrier.
The tractor semitrailer group of three codes (321, 322, and 332)
~ averages close to 33 percent empty with a census d1v151on range from 20
to 69 percent on the Other FA.prlmary rural system. In general, the

percentage empty reduces with an increase in average gross empty weight.
 Such increase is to be éxpected because the heavier vehicles are mostly
line-haul (intercity) vehicles. The exception, of course, is the code
230, construction material carrier (earth excavations, gravel, and
mixed concrete). This vehicle averages about 50 percent empty, which
is to be expected for the reason that it hauls bulk materials one way
and returns empty. It is a shorthaul, nonline-haul, construction type
of vehicle, with a few exceptions.

PERCENTAGE OF EMPTY TRUCKS AND
PAYLOAD PER VEHICLE
- The number of vehicles weighed empty is wholly a matter of chance

since there can be no selection as between empty and loaded vehicles
until the vehicle is in the weighing position and the driver interviewed.
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Table 13.

Percentage of weighed‘vehicles that were empty.-and their average gross

on the Other FA primary rural highway systen

welght

ype Code Number

Census.- Vehicle Ty i
Division 200 210 220 o230 321 322 332 432 5212
No. % No. % No. % No. KA No. 2% No. % No. % No. % No. Z
New England 745 52 87 35 757 35 275 49| 80 32 385 35 550 41 0 - 0 -
Middle Atlantic 1,262 59 148 35 566 35 114 47 76 33 284 28 628 30 0 - 0 -
South Atlantic North 1,513 74 95 39 780 37 251 49 61 37 252 35 806 - 37 0 - 0o -
South Atlantic South 3,557 77 70 31 1,176 39 388 51 98 36 ~838. 39 1,151 38 0 - 0o -
East North Central 1,686 63 163 41 661 34 253 47} 114 31 234 30 936 .32 8 42 7 11
East South Central 1,314 63 121 52 716 43 174 48 68 35 329 43 972 42 0o - 0 -
West North Central 3,077 60 938 55| 1,417 36 630 45| 128 28 345 34 2,467 37 59 32 16 9
West South Central 986 76 26 31 622 37 225 461 140 33 319 33 1,814 32 7 33 17 7
Mountain 1,064 60 141 44 503 36 209 47 50 26 68 23 754 281 183 43 46 15
Pacific 41 A4 20 32 208 38 59 39 14 31 12 21 120 13 67 28 30 27
Noncontiguous 823 67 188 52 558 49 138 46 11 38 85 43 113 41 8 14 45 43
National 16,068 671 1,997 46| 7,964 37| 2,716 47| 840 32] 3,151 35| 10,311 34} 332 35} 161 16
Average Gross Weight Empty, Pounds
New England 4,246 5,817 10,768 21,994 22,053 27,398 32,289 - -
Middle Atlantic 4,739 . 5,559 10,430 19,821 23,396 26,393 31,128 - -
South Atlantic North 4,776 6,004 10,662 20,794 24,089 27,280 31,966 - -
South Atlantic South - 4,286 5,804 10,090 18,961 22,520 25,259 - 31,268 - e
East North Central 4,644 5,989 10,533 18,083 21,770 25,238 28,974 28,588 32,614
East South Central 4,477 4,800- 9,226 17,170 19,799 22,853 27,550 - -
West North Central 4,566 4,769 10,025 16,568 20,918 24,590 28,659 28,471 31,031
West South Central 4,677 6,354 10,196 17,098 20,891 22,973 29,258 26,614 35,594
Mountain 4,995 7,177. 10,306 020,534 22,828 28,156 32,542 30,501 31,035
Pacific 4,522 6,715 10,175 18,720 19,893 24,317 28,441 27,613 28,527
Noncontiguous 4,565 5,948 10,668 24,136 22,509 36,854 39,465 32,763 35,038
National 4,558 5,391 10,247 18,946 21,805 25,598 29,982 29,484 32,236
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To repeat, the two objectives of weighing vehicles empty of pay-
load are to determine their average gross empty weight and to determine
the percentage of the total traffic flow of each vehicle type that is
empty of payload. If a sample of 200 empty vehicles is necessary to
establish the percentage of vehicles that are empty and one-third of
that type of vehicle is expected (from prior analyses) to be empty,

‘then the total sample of the traffic stream would need to be 600

vehicles. This analysis was not carried far enough to establish
whether the total sample of traffic to be weighed (loaded and empty)
to achieve an acceptable average gross empty weight, would also pro-

~ duce an acceptable percentage of empty vehicles. There is some indi-

cation that percentage empty may require a larger sample than to
determine the average gross weight empty.

The tables on file in the FHWA Office of Planning give the average
payload per vehicle of loaded vehicles for six highway systems by ve-
hicle types. The payloads given in these tables are calculated by
subtracting the average gross empty weight from the average gross
weight of those vehicles with payload. All three averages are given
in the tables for each of the ten census divisions and the national
total. These tables also give the number of empty, loaded, and com-
bined empty and loaded vehicles weighed. The number of vehicles
weighed may be useful in judging the relative sample adequacy in
comparisons between highway systems, vehicle codes, and census divi-

-sions.

~Table 15 compares the empty weights and average payload per

~vehicle for the Other FA primary rural highway system by census divi-

sions for the year 1966, 1967, and 1971 for vehicle type codes 220 and
332. For each of these two vehicle types on a national basis 1966 to
1971, there are some increases in average empty weight and some de-
creases in average payload per vehicle. By census division, there are
both increases and decreases in the average empty weight and average
payload per vehicle.

In Appendix C, table 38 gives the payload per vehicle for nine
vehicle types by census division for the Other FA primary rural high-
way system. An examination of this table shows a wide range in the
payload per vehicle for 1971. How much of this range is due to sam-
pling inadequacy and what to basic difference in trucking within the
States cannot be determined. However, some of the extreme differences
can be accounted for by observation of the small number of vehicles
weighed in total of a given class on a given highway system. But
when it is remembered that the calculation of the average payload per

~ vehicle is dependent upon the average gross weight of the empty ve-

hicles as well as the average gross weight of the vehicles weighed
with payload, it is seen that an adequate number of representative
vehicles weighed empty is a requisite to reliably calculating the pay-
load per loaded vehicle.
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An examination of Table 16 does not disclose any general pattern
of empty gross weight and of loaded gross weight as between the three
“highway systems. Such differences as may be disclosed for a specific
vehicle type code, probably could be explained by an analysis of body
types and commodities carried. It is probable that the code 230 on the
~ Interstate rural system has a higher percentage of line-haul types of
bodies on the three-axle chassis than it does have on either the Other
FA primary rural or urban systems. In the urban area, the code 230
- traffic may have a high percentage of concrete transit trucks and
.other construction industry types for hauling bulk materials.

Of interest is the fact that code 432, truck and full trailer,
has a lighter empty weight and a heavier loaded weight than either the
 code 332 or 5212 combinations. In the lower section of Table 16, the
average payload per loaded vehicle is given for all of the nine ve-
~ hicle types on the three highway systems. The ratio of payload weight

to empty weight given for each type code and highway system is an in-
dex of operating efficiency. Truck operators try for low gross empty
~weight and high payload per vehicle trip. This index is not so
meaningful for the 200, 210, and 220 codes for the reason that they
are not line-haul vehicles. The code 230 with some exceptions, is not
a line-haul vehicle either, but is definitely weight limited in its
operations, being fully weight loaded on a high percentage of trips.

The high ratio for the code 432 combination (1.52, 1.37, and 1.57
for the three systems) is far superior to the other line-haul combina-
tions. The explanation of this high efficiency is not obvious, but an
analysis of body types and commodities carried in comparison with the
other vehicle type codes, would, no doubt, provide an explanation. The
code 432 is primarily a western vehicle, not being legal in eastern
States. : E :

The relatively low ratios for the code 321 semitrailer (0.44,
0.41, and 0.31) are partially explained by its frequent use in hauling
~ light density commodities (household goods) and thus is often volume

limited as contrasted to being weight limited. In urban areas, the 321
‘combination is often used as a pickup and delivery vehicle; therefore,
it is often not loaded to its weight limit. ! o

ANALYSIS OF INDIVIDUAL ROADSIDE STATIONS

‘ The fact that the several States count and weigh vehicles at a
variable number of roadside stations (Table 6) gives rise to questions
about whether the vehicle volume counts, the empty/loaded truck ratio,
and the axle and gross weights recorded are representative of the high-
way systems on which the data were taken. An attempt to analyze the
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Table 16. U.S. aVefage empty, loaded andkpayload weights for three
highway systems and nine vehicle type codes for 1971 '

Other FA Primary

Interstate Other FA Primary
Vehicle Rural ~Rural Urban
Type Empty | ' Loaded Empty Loaded Empty Loaded
Code Vehicles| Vehicles | Vehicles| Vehicles| Vehicles| Vehicles
Pounds Pounds Pounds Pounds Pounds Pounds
200 4,828 5,955 4,558 5,581 4,674 5,697
210 6,091 7,957 5,391 6,951 6,439 8,340
220 ,v10,730 15,910 10,247 15,755 10,704 15,094
230 18,123 34,786 18,946 38,351 21,726 39,492
321 22,252 | 32,028 21,805 30,763 ‘22,852 29,907
322 25,595 42,981 25,598 45,291 27,482 45,511
332 29,653 61,207 29,982 62,388 31,691 62,739
432 28,161 70,852 | 29,484 69,779 28,507 73,124
5212 30,465 62,013 32,236 63,822 31,996 60,585
Vehicl Payload Ratio: Payload Eatio: " Payload Ratio:
7 scLe per Payload/ per Payload/ per Payload/
Cyge Vehicle Empty Vehicle Empty Vehicle Empty
oce Pounds Weight Pounds Weight | Pounds Weight
200 1,127 0.23 1,023 0.22 1,023 0.22
210 1,866 0.31 1,560 0.29 1,901 0.30
220 5,180 0.48 5,508 0.54 4,390 0.41
230 | 16,663 0.92 ! 19,405 1.02 17,766 0.82
321 | 9,776 0.44 8,958 0.41 7,055 0.31
322 17,386 0.68 19,693 0.77 18,029 0.66
332 31,554 1.06 32,406 1.08 31,048 0.98
432 42,691 1.52 40,295 1.37 44,617 1.57
5212 ©31,548 1. 04 31,586 0.98 28,589 0.89
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data to answer these questions was applied to Wisconsin on the Inter-
state rural and Other FA primary rural systems. The study was dropped
 because of the time required and because of scarcity of data. A

- brief presentation of some results, however, is given.

Tables 17 and 18 for the vehicle codes 200, 210, 220, 230, and 332
give the daily count, number of vehicles empty and loaded, the empty and
loaded gross weights, and the total count for eight Interstate rural
stations and 15 Other FA primary rural stations. Because of the short
count at each station (usually only one day) sample size is so deficient
that variations between roadside locations may be overshadowed by the
variations in sample qualities. These two tables do show, nevertheless,
that there is a significant range in percentage distribution by vehicle
code among the counting stations, that the percentage of empty vehicles
varies, and that the average gross weights are affected accordingly.

For instance, on the Interstate rural system (Table 17) the eight
stations give a range of the percentage of all code 332 vehicles
weighed empty from 10 to 30 percent, with an average of 20 percent.
It should be noted that these weighing stations are each one-way
traffic, but selected in pairs to include traffic in both directions.

The percentage of empty vehicles for the other type codes also
shows wide ranges, but for many of the stations the variation is
obviously the result of low sample mumbers. The same conclusion is
reached by examining the average gross weights, which have wide ranges
~from low to high. The sample number of vehicles per station is too
~ small to disclose whether the difference in average gross weights is

‘the result 6f sample size or a real difference in the character of
trucking practice at several stations.

: Similar data are presented in Table 18 for 15 stations on the
Wisconsin Other FA primary rural system. For the code 200 vehicle, the
percentage empty ranges from a low of 39 percent to a high of 82 per-
cent. Obviously, the high 82 percent is from a sampling deficiency,
because only two loaded vehicles were weighed. The average 32 percent
empty vehicles for the code 332 is compared to the 20 percent obtained
on the Interstate system. The difference between 32 percent and 20
percent could represent a real difference attributed to trucking
practices at the stations, or it could be a result of sampling the
traffic. But whether the 32 percent and the 20 percent are true
differences in truck loading practices between the Interstate rural
system and Other FA primary rural system is not answered.

About the only conclusion that can be drawn from this single and
brief analysis of individual roadside traffic-counting and vehicle-
weighing stations, is that the sample size at a given station is too
small to warrant a positive statement that trucking characteristics
do vary significantly with location. But a valid conclusion is that
the results are representative of the highway system as a whole.
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Table 17.

stations in Wisconsin on the Interstate rural highway system in 1971

Percentage of vehicles weighed empty and§gross weights for individual

Number Weighed

Daily : Average Gross Weight Total
Station Count Empty & Pgrcint Empty & Daily
s of Code Empty "Loaded Loaded mPLy Empty Loaded Loaded Count
' Vehicle Type Code: 200
070~ 324 16 19 35 46 5,575 6,579 6,120 6,090
071 260 10 17 27 37 4,720 5,241 5,048 5,768
074 392 33 30 63 52 4,639 5,883 5,232 75599
075 336 20 42 62 32 ‘4,455 5,995 5,498 74272
076 262 33 35 68 49 4,685 5,994 5,359 5,623
077 219 2 7 9 22 7,600 6,486 6,733 6,599
078 272 15 9 24 63 5,193 5,767 5,408 6,166
079 242 8 14 22 36 44,350 6,436 5,677 5,956
Total 2,307 137 173 310 44 4,826 6,009 5,486 51,073
Vehicle Type Code: 210 '
070 7 0 2 2 - L= 8,700 - 6,090
071 6 1 2 3 33 5,700 19,150 14,667 5,768
074 10 1 4 5 20 4,500 6,175 5,840 7,599
075 6 2 0 2 100 9,150 - - 7,272
076 11 2 0 2 100 11,000 - - 5,623
077 47 0 1 1 - o= 7,800 - 6,599
078 33 2- 3 5 40 5,900 7,200 6,680 6,166
079 15 1 1~ 2 50 6,100 9,200 7,650 5,956
Total 135 9 13 22 41 7,600 9,154 8,518 51,073
Vehicle Type Code: 220 ‘ :
070 154 12 38 50 24 10,433 15,711 14,444 6,090
071 172 15 42 57 26 10,860 17,162 15,504 5,768
074 147 26 - 49 75 35 10,400 16,329 14,273 7,599
075 132 17 39 56 30 19,259 14,603 12,980 7,272
076 156 46 35 81 57 10,739 14,823 12,504 5,623
- 077 132 3 20 23 13 12,133 18,000 17,235 6,599
078 139 10 38 48 21 12,010 15,129 14,479 6,166
079 135 14 17 31 45 l@,464 13,647 12,661 5,956
Total 1,167 143 278 421 34 10,678 15,731 14,014 51,073
‘ Vehicle Type Code: 230 :
070 29 4 5 9 44 25,250 36,560 31,533 6,090
071 26 7 9 16 44 19,029 29,856 25,119 5,768
074 21 8 6 14 57 18,825 33,300 25,029 7,599
075" 26 4 6 10 40 18,725 32,267 26,850 7,272
076 19 7 4 11 64 18,229 34,150 24,018 5,623
077 31 L 4 5 20 16,200 35,600 31,720 6,599
078 29 6 4 10 60 16,733 40,475 26,230 6,166
079 26 1 7 8 13 15,300 31,043 29,075 5,956
Total 207 38 45 83 46 18,926 33,402 26,775 51,073
Vehicle Type Code: 332 : i
070 . 726 6 54 60 10 34,500 76,722 72,500 6,090
071 797 16 64 80 20 29,081 57,936 52,165 5,768
074 792 61 175 236 26 29,090 61,112 52,835 7,599
075 947 35 184 219 16 29,274 60,367 55,398 7,272
076 5353 70 166 236 30 2§,974 59,655 50,555 5,623
077 686 19 89 108 18 34,589 67,665 61,846 6,599
078 985 22 140 162 14 32,359 60,974 57,088 6,166
079 961 23 115 138 17 30,009 58,983 54,154 5,956
Total 6,447 252 987 1,239 20 29,996 61,699 51,073
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Table 18.

Percentage of vehicleS'weighed empty and gross weights for 15 roadside
stations in Wisconsin on the Other FA primary rural highway system for 1971

Daily

Number Weighed

63

11,185

, ‘ Average Gross Weight Total

Station  Count ‘ Empty & P;;cint Empty & Daily
) of Code Fmpty Loaded Loaded PEY Empty Loaded Loaded Count

. , Vehicle Type Code: 200 ' '

004 175 23 22 - 45 51 4,861 6,255 5,542 5,747
006 165 11 9 20 55 4,982 6,867 5,830 2,054
007 325 9 2 11 82 5,156 6,100 5,327 4,204
- 008 472 19 11 30 63 4,574 5,309 4,843 6,215
: 009 391 10 . 12 22 45 6,980 5,983 6,436 4,258
019 144 21 .10 31 68 4,333 4,700 4,452 1,529
1022 311 35 18 ~ 53 66 4,634 5,822 5,038 2,283
024 368 32 19 51 63 4,675 5,616 . 5,025 6,504
026 404 7 6 13 54 5,971 7,933 6,877 3,709
028 . 249 8 7 15 53 5,175 5,943 5,533 2,389
- 031 341 20 26 46 43 4,510 6,842 5,828 6,777
035 207 17 27 44 39 4,665 5,693 5,295 4,408
036 219 18 21 39 46 4,867 5,243 5,069 4,217
045 182 7 10 17 41 4,943 5,600 5,329 3,152
055 246 53- 47 100 53 4,538 5,987 5,219 2,897
Total 4,199 290 247 537 54 4,786 5,946 5,319 60,343

Vehicle Type Code: 210 '
004 42 4 8 12 33 9,550 13,038 11,875 5,747
. 006 6 0 0 0 - - - - 2,054
L0007 22 0 1 1 - - 10,800 - 4,204
008 36 0 0 0 - - - - 6,215
009 11 0 0 0 - - - - - 4,258
019 14 0 0 0 - - - - 1,529
022 21 0 0 0 - - - - 2,283
024 18 2 1 3 67" 12,750 = 30,600 18,700 6,504
026 0 - - - - - - : - 3,709
028 6 1 2 3 33 7,200 17,000 13,733 2,389
~ 031 18 1 3 4 25 7,300 7,367 7..350 6,777
035 14 1 5 6 17 6,000 6,900 6,750 4,408
036 21 2 6 8 25 6,350 7.117 6,925 4,217
045 24 1 3 4 25. 4,800 9.733 8,500 3,152
. 055 14 1 2 3 33 6,000 8,500 7,667 2,897
Total 267 13 31 44 ‘ 30 .8,285 10,490 9,839 60,343

' - j ' Vehicle Type Code: 220 -

004 158 14 56 70 20 - 10,293 15,713 14,629 5,747
006 144 17 21 38 45 11,553 14,781 13,337 2,054
- 007 210 6 13 19 32 11,367 15,015 13,863 4,204
008 207 8 25 33 24 11,500 16,580 15,348 . 6,215
¢+ 009 247 7 12 19 .37 . 11,086 15,267 13,726 4,258
019 85 5 18 23 22 - 10,560 15,733 14,609 1,529
022 104 6 14 20 30 9,400 18,271 15,610 2,283
024 153 15 29 44 34 11,127 17,293 15,191 6,504
026 157 9 14 23 39 13,511 15,671 14,826 3,709
028 108 4 13 17 24 12,950 15,000 14,518 2,389
031 198 18 54 72 25 11,883 17,165 15,844 6,777
035 142 17 49 66 26 10,535 15,482 14,208 4,408
036 144 23 35 58 40 10,330 15,591 13,505 4,217
045 150 3 15 18 17 11,800 13,920 13,567 3,152
055 95 12 48 60 20 11,708 14,713 14,112 2,897
Total 2,302 164 416 580 28 15,828 14,515 = 60,343




Table 18. Percentage of vehicles weighed empty and gross weights for 15 roadside
stations in Wisconsin on the Other FA primary rural highway system for 1971

{continued)

Daily _ - Number Weighed Percent Average Gross Weight Total
Station Count Empty & Emot Empty & Daily
of Code Empty Loaded ILoaded “mpty Fmpty  Loaded . Loaded Count

Vehicle Type Code: 230
004 128 9 5 14 64 21,400 41,780 28,679 5,747
006 15 3 1 4 75 19,333 42,200 25,050 2,054
007 35 1 3 4 25 20,400 33,400 30,150 4,204
008 103 7 1 8 88 23,386 14,900 22,325 6,215
009 25 0 1 1 - - 49,600 - 4,258
019 25 1 8 9 11 11,000 37,650 34,698 1,529
022 22 1 3 4 25 20,200 40,067 35,100 2,283
024 42 9 4 13 69 18,489 34,475 23,408 6,504
026 37 3 5 8 38 24,267 39,520 33,800 3,709
028 36 3 0 3 100 16,600 - - 2,389
031 28 5 11 16 31 18,600 37,527 31,613 6,777
035 43 12 6 18 67 16,317 39,183 23,939 4,408
036 37 12 7 19 63 18,958 32,800 24,058 4,217
045 25 0 2 2 - - 33,100 - 3,152
055 18 3 5 8 38 19,000 36,680 30,050 2,897
Total - 619 69 62 131 53 19,249 37,094 27,695 60,343

Vehicle Type Code: 332
004 259 25 60 85 29 28,856 59,382 50,404 5,747
006 296 11 32 43 26 33,436 68,500. 59,530 2,054
007 442 10 24 34 29 32,360 59,375 51,429 4,204
008 209 16 33 43 33 29,681 63,027 52,139 6,215
009 430 10 20 30 33 29,640 68,280 55,400 4,258
019 96 3 7 10 30 37,000 67,429 58,300 1,529
022 49 3 5 8 38 33,800 67,560 54,900 2,283
024 501 42 72 114 37 28,940 59,707 48,372 - 6,504
026 104 2 17 19 11 34,900 69,071 65,474 3,709
028 78 2 9 11 18 42,500 71,911 66,564 2,389
031 176 10 41 51 20 27,520 60,588 54,104 6,777
035 353 25 61 86 29 8,316 59,451 50,400 4,408
036 385 37 56 93 40 7,519 58,541 46,199 4,217
045 247 9 20 29 31 31,644 60,280 51,393 3,152
055 76 17 25 42 40 j7,74l 65,228 50,055 2,897
Total 3,701 222 482 704 32 29,390 61,786 51,570 60,343
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GROSS WEIGHT DISTRIBUTION

~ As is true of many technical and scientific observations, the-
average of a population group gives useful information, but does not
tell the whole of what is often needed, or at least is of significant
interest. Reference here is made to the distribution of axle weights
on a vehicle to vehicle basis. In the weighing of trucks at the
 roadside, it is usual practice to weigh each axle separately, then
compute the vehicle gross weight, or total vehicle weight, by summing -
the weights of the axles. Where permanent platform scales are installed
with sufficient length and scale capacity, the whole vehicle can be
weighed at one time. Gross weights, as with axle weights, are determined
separately for vehicles empty of payload and with payload.

, Because the mumber of vehicles weighed in any one axle configura-
tion type, at any station, and on any road system is variable and an
uncontrolled number quantitatively, it is common practice to express

~ the weight distribution in terms of a percentage frequency for each

- weight interval of 1, 2, or 5 kips. The 100 percent base is the total

number of vehicles weighed (or axles weighed) in the particular cate-
gory being studied. These interval percentages may be summed from the

 lightest weight interval to the heaviest interval to produce an accu-

“mulative distribution in percentage of the total number of vehicles
weighed that weighed a given number of pounds or less than that given

i poundage. Figure 4 gives plotted curves of the gross weight for

! e vehicle type codes 220 and 332. :

- The curves of Figure 4 show undesirable irregularities resulting
~ from an inadequate mumber of vehicles weighed. In the use of such
curves, it is good practice to smooth them to the more probable re-
~ gression, so that the computed frequencies and the computed average
. gross weight can be freed somewhat of sample errors. Such procedure
is important to the subsequent calculation of the average empty gross
weight and the average loaded gross weight, on which two averages the
average payload per loaded vehicle depends.

To smooth the distribution curve for gross weight (or axle'weightJ
the procedure may be about as follows (68):

1. Plot the accumulative percentage as shown in Figure 4. The
‘ accunulative percentage curve is used rather than the plot
of the frequencies for the reason that the frequencies have
a wider scatter, plus and minus, making it hard to locate
the more probable trend.

‘2. By judgment, based upon experience with similar gross weight
distributions of vehicles computed from adequate numbers of
weighings, sketch through the plotted points a curve as L
.shown by the dotted lines of.vehicle type code 332 on Figure 4.

65




99

ED PERCENTAGE OF VEHIC

00

100.
i

EMPTY AND LOADED VEHICLES

0 .

a|  VEHICLE copE 220 8

-}

Ao 1ogun

g| B 2 nesraska
=®] C + MINNESOTA
_.Hbm_ B
=t
wl -
x5
(73]
[7¥]
|

3

g

g

S

8

o NGRTH DAKOTA

VEHICLE CODE 332

—8 D x ewmrrY
T
o8 E ¢ EMPTY AND LORDED
M .
S F + tempen
oS :
35

N

8

&

o
o . -
2= -
%00 4.00 8.00 12.00  16.00 20,00 2400 _ 26.00 32.00  3b.00  4b.00  44.00  uB.00  52.00  Sh.00  8b.00

GROSS VEHICLE -WEIGHT, KIPS

Figure 4. Accumulated percentage of gross weight mwm@cmbnwmm for vehicles weighed on the
Interstate, rural highway system. Vehicle type code 220 is for combined empty and loaded
vehicles in Iowa, Minnesota, and Nebraska. Vehicle type code 332 is for empty, loaded,

m:mnoskumm<mwwnpmmw:ZOHﬁWUmwOﬁm.wocm:nmmmomﬁwmncw<mm wmmamm:pﬂomwsmmomcmﬁm
sample size. :




This hand drawn smooth curve is located to represent by
judgment the probable trend of the distribution if the
data were total for the universe of which they are only a
sample. There is no attempt to balance the plus and minus
areas.

3. From the sketched in smooth curve, read back and record
the percentages of the end of each 1-kip weight interval.

4, To further smooth the curve and to produce well-graduated
frequencies, it is well to make successive subtractions
from the accumulated percentages read, and then plot and
smooth the frequencies in order to eliminate the inaccuracies
resulting from reading the plotted summation curve to tenths
or hundredths of a percent.

A statistically-minded person may object to the above eye and hand
procedure, preferring instead to use some sophisticated mathematical
process of curve fitting for which he has a computer program available.
There is no objection to the use of mathematical curve fitting proce-
‘dures when the basic raw data will define the regression. However,
‘many raw observations are so rough that the mathematical procedure
canmnot be relied upon to produce the most probable distribution. In
such cases, the hand judgment graduation is recommended. The hand
smoothing may be then followed with mathematical graduation if desired.

It should be noted that the traffic count data and the truck weight
~data are not from random sampling and the distributions are not
statistically normal,

In Figure 4 the code 220 curves for combined empty and loaded
gross weights show no marked difference between the States of Iowa,
 Nebraska, and Minnesota. The Iowa curve is the more stable because
of the larger sample. For the North Dakota code 332 vehicle, the
 curve for the empty gross weight shows the usual steepness because the

range of weight is small as compared to loaded vehicles. The middle
~curve for combined empty and loaded vehicles shows the characteristic
- bimodal distribution introduced when the short-range empty vehicle
~curve is combined with the long-range loaded curve.

The Iowa curves in Figure 5 for gross weights of the code 332
vehicle on the Interstate rural system are typical of the character-
istics for the code 332 vehicle. These curves were computed from an
adequate sample of weighings and are thus quite smooth in trend. Of
‘special interest is the steepness of the curve for empty weight plus
its long stretched-out ending, 40 kips to 62 kips. The right-hand
curve for vehicles with load has a steep rise from about 68 kips to
the end at 77 kips. This steepness is a characteristic of loadings
that results. from trucking practices to load to the legal limit,
without much overloading. - The middle curve for combined empty and
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loaded vehicles has a distinct break in slope at 34 kips, the weight
~ at which the empty vehicles cease their influence on the combined

“ curve and the influence of the loaded vehicles takes over. It is
noted that none of these curves has a normal, or symmetrical, dis-
“tribution.

Figure 6 compares the gross weight distributions for six vehicle

~ codes on the basis of combined empty and loaded gross weight for the
Other FA primary rural system in Iowa for 1971. Bach type code has

its own characteristic shape of curve, partially, of course, attributed
‘to the effect of the range of gross weight as the gross weight increases.

In Figure 7 there is a comparison of the gross weight distribution
for code 332 loaded vehicles in the West North Central census division
for the Interstate rural, Other FA primary rural, and Other FA primary
urban systems. On the Interstate system, code 332 vehicles have fewer

' i'vehicles at the light loads and more vehicles at the heavy loads than

is found on the Other FA primary urban system. The Other FA primary
- rural system falls in between these two loadings. All three systems
have the steepness of curves from about 66 kips to 74 kips. The
maximum legal gross vehicle weight in the States in the West North
Central census division is variable above 73,280 :pounds. The per-
centage of vehicles having gross weights above 74,000 pounds is:
Interstate, 2.5 percent; Other FA primary rural, 10.5 percent; and
Other FA primary urban, 16.5 percent. '

AXLE WEIGHT DISTRIBUTION

‘Axle weight distribution is a more critical: rmination than is
gross weight distribution because its uses in engineering and in en-
forcement of legal 1limits are more specific. Of special concern is
the use of the equivalent axles of 18,000 pounds load application to
" the pavement, the equivalency factors increase exponentially as the
axle weight increases. Further, the equivalent mumber of 18-kip axles
must be determined from distribution curves of axle weight for both
single and tandem axles.. Likewise, in structural design, it is axle
weight and axle spacing that are critical, more so than the gross
vehicle weight.

The basic tables give for the U.S. total the accumulated per-
centages of axle weights for empty, loaded, and combined empty and
loaded vehicles in weight increments of 1,000 and 2,000 pounds.

- From the accumulated percentages, the interval frequency may be
determined. In pavement design, when using the equivalent 18-kip axle
concept, it is required to have the axle weight distribution such as
is available in these tables. The distribution by State is more .
applicable to pavement design, than these distributions by U.S. totals.
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Such State distribution by highway system by each vehicle type is
available, of course, at the State highway departments and FHWA at
Washington, D.C.

Seldom will the field data on axle weights produce the desired
degree of smoothness of the axle weight distribution, even for 300 to
500 axles. When the spread from the lightest axle to the heaviest
axle for loaded vehicles may range over 40 to 60 l-kip weight intervals,
the frequencies may be reduced to 9 to 15 vehicles per interval. Some
smoothlng is often necessary, depending upon how precise a distribution
is needed for any particular application.

A plot of the cumulative percentages of axle weight frequencies
is given in Figure 8 for the Iowa Interstate rural system for vehicle
codes 220 and 332, combined empty and loaded vehicles.

- The two curves for code 220, curve A for the front, or steering
axle, and curve B for the rear axle, or main load- bearlng axle,
illustrate that for this vehicle the steering axle has a narrow range
of weight as compared to the range of the rear axle. This vehicle in
Iowa with an 18-kip single axle legal limit, shows only 2 percent of
axles exceeding the legal limit. In some States the rear axle over-
load for this vehicle may be 20 percent of the vehicles weighed. The
220, six-tire truck, is. a popular vehicle for general hauling in
local communities, but is also a line-haul vehicle.

The code 332 vehicle in Figure 8 has a narrow limit of range of
weight of the steering axle, from about 5 to 12 kips. The steering
axle for this five-axle tractor semitrailer is not regarded as a load-
bearing axle, but it does receive some live load transmitted through
the fifth wheel (coupling device) above the rear tandem axles of the
tractor. Of significance is the shape of the axle weight distribution
curves for the two pairs of tandem axles, BC and DE. This bimodal
distribution is the result of combining the empty and loaded vehicles.
From about 4 to 12 kips the curves are mostly for empty vehicles, but
from 12 to 36 kips the curves are for vehicles with payload. The
steep rise in the curves from 28 to 32 kips is a result of the efforts
of the haulers to load as nearly to the legal maximm of 32 kips as
they can without overloadlng As might be expected, the tandem axle
pair on the trailer, DE, is more heavily loaded that the tandem pair
on the tractor, BC.

A second set of axle weight dlstrlbutlon curves is given in
Figure 9 for the New England and West North Central census divisions
and Interstate and Other FA primary rural highway systems. The com-
parisons are for the DE tandem axle pair on the code 332 vehicle.

In the West North Central census division, this tractor semitrailer
is more heavily loaded on the Interstate rural system than on the
Other FA primary rural system. This tandem is overloaded on 6 percent
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of the vehicles on the Interstate rural system and 12 pertent over-
~ loaded on the Other FA primary rural system. in the West North Central
census division. :

, In the New England census division the distribution of the weights
of the DE tandem pair are about the same as in the West North Central
census division up to a weight of 30 kips. Upwards of 30 kips, the
New England vehicles continue upward to a maximum of 60 kips. The
States in the New England census division have a legil maximum limit
for weight on a tandem pair of 36 kips, with Commecticut having an
enforcement tolerance of 720 pounds. On the basis of 36 kips maximum
limit, 12 percent of the DE axles on the code 332 vehicles were over-
loaded in the New England census division on the Other FA primary

-rural system. R :

PRACTICAL MAXTMUM GROSS WEIGHT (PMGW)

The legal maximum gross-weight weight limits in the several States
usually apply to overall limits regardless of vehicle désign or axle
configuration and to the weight on both wheels (ends) of an axle.
Exceptions include limits set on the basis of the so-called bridge
formula, in which the axle spacing is involved. Axles ¢loser than
about eight feet center to center, called tandem axles, tsually have
a legal maximun limit of less than twice the legal limit on a single
axle, as, for example, a limit on a tandem pair of axles of 36,000
pounds when the single axle 1limit is 22,400 pounds. ‘

The single front or steering axle, in practice is $eldem loaded
up to legal limit and usually carries less weight than any single
axle elsewhere on a loaded vehicle. The legal limit on the steering
axle is practically always the same as for any load-bearing single
axle, though for reasons of safety in driving, the steering axle has
- been considered for a limitation, say of about 10,000 pounds.
Arkansas has a legal limit of 12,000 pounds on the steering axle.

Since it is not practical to load the steering axle to the full
legal limit as done with other single axles, the practical gross and
legal limit of capacity of a vehicle is not obtained by adding up the
legal limits of all axles. Therefore, the expression 'practical

maximum gross weight'' (PMGW) has come into use as a medns$ of expressing

the maximum gross vehicle weight of vehicles considering both the legal

axle weight limits and a practical limit for the steering axle. This

PMGW is always less than the sum of the individual axle legal limits.

For instance, the PMGW of the 332 tractor semitrailer combination

- could be the sum of 10,000 pounds for the steering axlg, and 32,000
pounds for each of the two pairs of tandem axles, assuming the legal

limit of 32,000 pounds for a tandem pair. This sum is 74,000 pounds.
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For the 322 combination the PMGW might be (assuming 18,000 and 32,000
pounds as the legal limits) 9,000, plus 18, 000, plus 32 000 or a total
of 59,000 pounds.

This system of arriving at a pract1ca1 maximum gross vehicle
weight calls for some system of determining a practical limit for
~ the steering axle. In the beginning of the use of the PMGW, the
front axle weight was often chosen on the basis of what was found to
be the average front axle weight for each type of truck, or what
manufacturers of trucks and tractors recommended as a normal maximum.
Using the average steering axle weight found in the truck weight
studies fails to recognize that the front axle will absorb some of
~the total weight as the vehicle payload increases from being empty
to being loaded to legal limit on all load- -carrying axles. Under
this condition of maximum loading the front axle will be carrying a
greater weight than the average of all front axles on the highway.
. It is logical then to set the practical maximum weight on the front
axle at that weight normally carried by it when the vehicle is loaded
to 1ega1 limit on all other axles. ,

From the 1971 truck weight data for the U.S. total, the curves
in Figures 10, 11, and 12 were plotted to show the weight of the front
axle in relation to the overall gross weight of vehicles with load.

In Figure 10 there is essentially a linear increase in the weight on
 the front axleé with an increase in total gross weight. This linearity .
comes from the fact that the codes 200, 210, and 220 are vehicles each
having two single axles, so at all 1oad1ngs the front axle carries

about the Same proportlon of weight.

In F1gure 11, the code 230 truck with a 31ng1e (front) axle and a
pair .of tandem axles, dlso produces linear relationship of front axle
weight to total véhicle gross weight of loaded vehicles. The 321,
tractor semitrailer vehicle produce curved relationship that tends
toward flatness between 34 and 72 kips. At a total gross laden weight
of 60 kips, each of these two vehicle types would have a front axle
weight of 9 kips.

In Fmgure 12 the two vehicle types that are camposed of two
cargo-carrying units, codes 432 and 5212, produce curves similar to
‘those for the tractor semitrailer class of only one cargo unit. The
5212 code has a flat section between a gross weight of 52 and 72 kips.
Both Of these cuirves in Figure 12 exhibit 1ncrea51ng front axle
welghts from about 72 kips gross and upward.

_ Table 19 gives the PMGW for seven vehlclc code mumbers at two sets
of legal maximum axle weights, 18/32 kips and 22/36 kips, single/tandem
axles. In constructing the table, the legal axle weights.were written
into the respective axle cells of Table 19, anhd then trail readings
were made from Figures 10, 11, and 12, until that front axle welght

76

i | .{ R 44____;___J_________i___;;__::--------ihllllllllllil




00°gh

“1.6T 103 swo1sAs AemySTy [Te JO TBI01 "S° I0F 0ZZ PU& ‘0TZ ‘007 SOPOd
odA] STOTUSA 10F SOTDTUSA POPROT FO IYSToM SS0I8 03 pajeral JySTom oTxe juoxj QT oIm31g

00°Sh oarw-sA 00°6€ 00°8€ 0o ..m.m

SdI ‘LHOIIM 31JIHIA SSOHI

- 0070€ 00°L2 00°H2 00°12 00°81 00"ST 00°21 00°6 00°9 00°&,
L L i - 1 - 1 1 i 1 - 1 1 i
- - - - 5
. ) -, loz
ogz X D 5
01z X g
; =
002 v g
43IGWNN 3003 3TITHIA
: Lo
o
o
n
o]
ES
-8
(=]
°n
>
—
m
G
f=
°o
X
—
=
O
©T
w
=
o
o
5
)
e
8
L

o

77




"TL6T I0F suwelsAs AemySTy TTe FO TB10} 'S°Ql I0F 7¢§ PUB ‘77¢ ‘TZS ‘0z Sopod odfy

STOTYSA I0F SOTITYSA PopeOT FO JySTom Ssoxf 03 pajerar IYSTom oTXe Juolj °TI om8ty

SdIM ‘LHII3M 3ITITHIA SSOHI

oo.#orm ca.m.m oc.m.m co.c.m nc.mﬁ _uo::pm cn.m.m on.m_u ac.&u oc.mnm ao.mm cc.m_a oa..e ao.pu,
CEE ® @ ~
22e % 9 8
126 X 8 -
0Ee v VY &
H3IGWNN 3003 3TITH3IA o
E
o \l‘ h\\\;
o m lmm.M
8=
o
8
W.
v o

1002

‘IHII3M 37XH LNDHH

78



"IL6T 10F swolsAs AemySty TTe JO Te303 °S°Ql I0F ZIZS PUB ZEH SOPOD
5dA1 OTOTUoA I0J SOTITYSA PSpPeO] JO IUYSTOM SS0I8 03 pajeral pnmﬂmz.mﬁxm Juoxj -z1 oan3dtg

SdIM_ °*LHII3IM SSOUI

00°18 00°98 00°28  00°9L 00°QL 00°h9 00°8$ 00°2s 00°9% 00°gh 00°%E 00°82 00°22 00'gr  00°0L,
M .
l-..-_,
o
o
. ln‘
21es - X 5
2Eh W ,
PR ‘. B 5 I“‘
. H38WNN 30063 3T3IH3A g
-
-
=1
(=2
-
©1
>
~
m
Lo
ofm
(==
9
x
Boy
5 x
85
w
B
-
8
la.
le
o

00°h1

79



Table 19. Practical maximum gross weight of seven vehicle code types at legal

axle weights of 18/32 and 22/36 kips, single/tandem axles

‘ Practical
' Specific Axle® and Its Maximum Weight, Pounds Maximum
Vehicld Gross
Code . | Weight,
Number A B C D E Pounds
, . ‘ Basis of 18/32 kips single/tandem axle Tegal Timits
220 | 8,500 18,000 26,500
230 .il,ooo - T 32,000 43,000
321 9,600 18,000 18,000 45,600
322 9,000 18,000 T 32,000 59,000
332 9,‘500, T 32,000 T 32,000 73,500
w2 | 11,00 T 32,000 18,000 | 18,000 79,000
5212 9,500 18,000 18,000 18,000 | 18,000 81,500
’ " Basis of 22/36 kiios single/tandem axle legal limits
220 | 10,500 | 22,000 32, 500
230 | 12,000 T 36,000 48,000
321 | 11,500 22,000 22,000 55,500
322 9,200 22,000 T 36,000 67,200
332 | 10,500 T 36,000 T 36,000 | 82,500
432 | 13,000 T 36,000 22,000 22,000 | 93,000
212 | 11,000 22,000 22,000 22,000 | 22,000 99,000

9Axles are lettered A, B, C, D, and E from the front (steering) axle as A toward the

rear to the last axle in the total truck or combination.

T is for first axle of a tandem pair of which the total weight is in the next column,
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was found that subtracted from the corresponding total gross weight
gave a difference equal to the sum of the legal axle weights for
axles B, C, D and E.

The PMGW of the 200 and the 210 llght trucks wauld have to be
determined on the basis of manufacturers specifications and tire size
~and quality, because these two classes of trucks are never (never .
should be, at least) loaded heavily enough to approach the legal single
 axle legal weight limit. The 220 truck, with its dual rear tires, is
- capable of and does carry the single axle weight llmlt on its r&ar axle,
so its PMGW could be determlned as illustrated. :

Table 20 relates the empty weight, average payload wexght for the
1971 Other FA primary rural system, and the PMGW for legal limits of
18/32 kips. The maximm payload, of course, is higher for the 18/32
 kip limits than the payload found from the field data for the reason

 that vehicles on the highway do not all carry maximum legal gross

- weights. The ratios of the payload weight to the empty weight ranks
the vehicle types in the following order from high to low potential.
efficiency: 432, 220, 5312, 332, 230, 322, and 321. As shown in"
Table 20, their on-the- road operatlng eff1c1ency is in th@ following
order, h1gh to low: 432, 332, 230, 5212, 220 and 321. As pointed
~out in the prior section on payload the three-axle, tractor semi-
trailer code 321, does not operate totally on a weight basis because
~of hauling light den51ty commodities. It is often on the highway
fully loaded on cubage space, but under loaded on axle we1ght.

TREND OVER YEARS OF TRUCK WEIGHTS AND TRAFFIC COUNTS

" One of the objectives of the truck weighing has been to collect
the annual vehicle weights and counts in such a manner that a good
indication of yearly trends in truck weights and their numbers by :
class would be obtained. To accomplish this, it has been the practice
- generally to count at the same stations, same hours, same weeks, and
- same months, year to year. This plan has had merits, but with the

~ extensive construction of new highways on the Interstate system and
‘major improvement of the other systems, the traffic flow on many

routes and sections of routes has undergone material change in both

volume and classification of vehicles. These changes include both :
increases and decreases not attributable to normal changes in economic -

factors and technological changes in the transportation industry. Some

changes in trucking year to year on these particular routes and at
specific truck-weighing stations are the result of rerouting of the

traffic to take advantage of benefits of the newer highway designs

and improved traffic capacities. ;
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Table 20.

to average empty weight by vehicle code number

Ratio of average payload weight per loaded wvehicle

Basiéf”IQ?l Road Weight

i dataa U.S.

Total for the

Basis: 18/32 Kip Axle Weight

. Other FA Primary Rural Limits
Vehicle -Hgghway System
Code S Practical
Number Average Average Ratio: i Maximum Maximum Ratio:
Empty | Payload,| Payload/ Gross Payload,| Payload
Weight, Pounds Empty | < Weight, Pounds Empty
Pounds Weight _Pounds Weight
220 10,247 5,508 0.54 26,500 16,201 1.57
230 18,946 | 19,405 1.02 43,000 23,996 1.26
321 | 21,805 | 8,958 0.41 | 45,600 123,795 1.09
322 | 25,598 | 19,693 0.77 | 59,000 33,404 1.31
332 29,982 | 32,406 1.08 73,500 43,579 1.46
432 | 29,484 | 40,295 1.37 | 79,000 49,613 1.69
5212 32,236‘ 31,586 0.98 81,500 49,306 1.53
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One intent of the traffic weighing operations since about 1956,
the beginning of the intense program to complete the Interstate system,
has been to account for the shifting of traffic, route to route, as
distinguished from changes year to year in traffic volume and in ve-
hicle classification for reasons other than the improvement of highway
facilities. But how successfully this intent has been achieved is not
disclosed by analysis of the data. Emphasis in the selection of truck-
weighing stations should be placed on getting a good representation of
the truck count and weights on each functional highway system as a
whole, and not be concerned as to showing the year to year trends at
specific weighing stations. The trend could still be determined,
year to year, w1th good total counts and weights on each system as
a whole.

TREND IN DAILY TRAFFIC COUNTS

Tables 21, 22, and 23 for the U.S. total give the average daily
count and percentage of total count of vehicles by type codes for the
years 1966 to 1972 for the Interstate rural, Other FA primary rural,
and Other FA primary urban systems.

The variations in the average daily traffic count year to year
may be due to poor sampling of stations with respect to total highway
system and the day to day differences in traffic flow. Also, a few
States (say three to six) may not have counted for a full 24-hour day
in some years. Of the 50 States, the District of Columbia, Puerto
Rico, and perhaps a State or two did not count, or may have counted
trucks, but not automobiles and buses. Many States did not count on
the Interstate urban and Other FA primary urban systems. There is a
variation year to year in the number of State station locations on the
Interstate system because of continuous highway construction. Further,
during the years 1966 to 1972, traffic as a whole was shifting its
routing year to year as new sections were opened on the Interstate
system and improvements to the Other FA primary rural and urban systems
were completed. The counts also differ State to State because not all
code types found in the tables are legal in every State.

W1th the exception of the trends for the codes 220, 321, and 322

Table 24 does not show any significant trends between 1966 1969 and
1972 for the U.S. average for the Other FA primary rural system.

TREND IN VEHICLE WEIGHTS
For each year 1966 to 1972 Table 25 gives the U.S. total average

axle weight and average gross weight for empty, loaded, and combined
for nine vehicle type codes on the Other FA primary rural system.
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Table 24. Trend of average daily counts of main truck type codes, U.S. average for the Other FA
primary rural system for 1966, 1969 and 1972

1966 | _ 1969 1972
- Vehicle Avetage ; ' Average B Average ,
type - daily ~Percent daily = Percent daily ~_Percent
code count of total of truck  count of total of truck count  of . total of truck
of code  count count of code count count of code count count
200 696 9.09  38.07 1,069 9.73  40.62 1,391 11.90  50.71
210 51 0.67 2.79 218 1.99 8.28 ‘ 70 0.60 2.55
220 - 284 3.71 15.54 374 3.41 14.21 389 3.33 14.18
230 : 29 0.77 3.23 - 81 0.74 3.08 89 0.76 3.24
321 63 0.82 3.45 62 0.56 2.36 43 0.37 1.57
322 199 2.60 10.89 230 2.09 8.74 150 - 1.28 5.47
332 336 4.39 18.38 . 543 4.94 20.63 554 4.74 20.20
432 40 6.52 2.19 11 0.10 0.42 o 12 0.10 0.44
5212 86 1.12 4.70 22 0.20- 0.83 14 0.12 0.51
Others 14 0.18 0.76 22 0.20 0.83 | 31 0.27 1.13 ¢
Average daily
count of total : ‘ - K
trucks 1,828 23.87 100.00 2,632 23.96 100.00 2,743 23.47 100.00

Average daily
count of total . C ’
traffic 7,657 - ~ 10,984 - - 11,686 - -




An examination of Table 25 indicates that there is some slight increase
in axle and gross loadings 1966 to 1972, espec1a11y for the years 1971
and 1972. The exception to this general increase is found in the code
321 tractor semitrailer, which vehicle shows about a six percent in-
crease in empty weight (20,661 to 22,013 pounds), but a decrease in
weight of loaded trucks of about five percent (32,309 to 30,776
pounds). Because of the rise in the popularity of the code 332 tractor
semitrailer since 1966, the code 321 has been shifted to more local
hauling and less line-haul usage.

TREND IN PERCENTAGE EMPTY AND PAYLOAD

The percentage of empty and the pounds of payload for the years
1966 to 1972 are given in Table 26 for the nine vehicle codes. There
is no pronounced trend in the percentage of empty vehicles. The up
and down changes year to year in the pounds of payload per loaded ve-
hicle preclude any conclusion of a positive trend in payload, except
for the code 321, which has a distinct downward trend from 11,648
pounds to 8,721 pounds. The code 322 shows the same trend, but less
distinctly.

All of the tables presented for the U.S. total, 1966 to 1972,
for the Other FA primary rural system are subject to the uncertainty
of how representative the sample weighings are and how the sample
quality may vary year to year, which subject is discussed at the
beginning of this section on trends, with reference to the vehicle
classification counts.

FUEL TYPE TREND

The type of fuel used by trucks weigh